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ABSTRACT
The th e s i s  c o n s is ts  o f th re e  p a r ts  o f which th e  f i r s t  i s  an 
a p p re c ia tio n  o f  th e  work a lre a d y  done by o th e rs  in  s t a b i l i z i n g  s o i l s  
fo r  road  b ases  w ith  P o r tla n d  Cement, Lim e-Flyash and Sodium C h lo rid e .
From th e  b a s is  o f  th e  s tu d y  o f th e  a v a i la b le  l i t e r a t u r e  and man­
u a ls ,  a good id e a  was o b ta in ed  o f th e  perform ance o f th e s e  s t a b i l i z in g  
a g e n ts , and t h e i r  p ro p o r tio n s  to  be used in  th e  f i e l d  p r o je c t .
The second p a r t  e n t a i l s  th e  c a r ry in g  ou t o f la b o ra to ry  experim ents 
to  o b ta in  th e  optimum m o istu re  c o n te n t , th e  maximum wet and dry  
d e n s i t i e s ,  th e  optimum cem ent, l im e -f ly a s h  and sodium c h lo r id e  c o n te n ts  
to  be used in  th e  f i e l d  t r i a l s .  Also unconfined  com pressive t e s t s ,  
fre e ze -th a w , and w e t-d ry  experim ents were c a r r ie d  out to  determ ine 
th e  d u r a b i l i t i e s  o f th e  v a rio u s  m ix tu re s .
The t h i r d  p a r t  c o n s is ts  o f s t a b i l i z i n g  th e  g ra n u la r  road  base  w ith  
th e  d i f f e r e n t  s t a b i l i z i n g  ag en ts  and v ary in g  th e  p ro p o rtio n s  a t ,  above 
and below th e  optimum amounts fo r  th e  cem ent; by vary in g  th e  lim e and 
f ly a s h  co n ten ts  and by u sin g  d i f f e r e n t  ty p e s  o f  lim e ; by v a ry in g  th e  
sodium c h lo r id e  a t  and above th e  optimum amount f o r  maximum d ry  d e n s i ty .
In  th e  f i e l d ,  checks were made in  th e  in -p la c e  d e n s i ty ,  and c o re s  
were ta k e n  to  determ ine t h e i r  unconfined  com pressive s t r e n g th .  The most 
im p o rtan t in v e s t ig a t io n a l  programme was done w ith  th e  Benkleman Beam 
m easuring th e  d e f le c t io n s  in  th e  d i f f e r e n t  ty p es  o f  s t a b i l i z e d  road  
b a se s , which a re  oh th e  same subgrade and a re  su b jec te d  to  th e  same 
t r a f f i c  lo a d s .  B efore and a f t e r  s tu d ie s  were c a r r ie d  o u t .  In
v
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a d d it io n ,  com prehensive c o s t re c o rd s  were k ep t to  determ ine th e  most 
econom ical s t a b i l i z i n g  ag en t and p ro ced u re . These l a s t  two s tu d ie s  
make t h i s  th e s i s  u n ique .
v i
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INTRODUCTION
In road building, a soil which exhibits a marked and sustained 
resistance to deformation under repeated or continuing load appli­
cations, whether in the wet or dry state, is said to be stable. Thus 
to stabilize is to take a less stable soil, treat it by some means to 
improve its strength and its resistance to change, and so make it 
stable.
The means to stabilize may be mechanical, chemical, electrical 
and thermal. The degree of stabilization attained may differ within 
a given method and between the different methods, since soils exist 
in a broad range of types with varying properties.
Chemical means were used in this investigation to stabilize the 
granular material, the chemicals being: cement, lime-flyash and
sodium chloride*
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CHAPTER I
SOILS
GENERAL
A b r i e f  s e c t io n  on s o i l s  i s  in c lu d e d  in  t h i s  t h e s i s ,  to  g ive 
th e  re a d e r  a qu ick  rev iew  o f th e  highway s o i l  c l a s s i f i c a t i o n  system , 
as  w e ll a s  o th e r  s o i l  term s used .
The most w id e ly  used  system  o f s o i l  c l a s s i f i c a t i o n  today  was 
d ev ised  about 37 y e a rs  ago by th e  U. S . Bureau o f P u b lic  Roads f o r  
subgrade s o i l s .  In  t h i s  system  a l l  s o i l s  were d iv id ed  in to  e ig h t 
m ajor g roups, which were d e s ig n a te d  by th e  symbols A -l, A-2, A-3, 
e t c .  Those d e s ig n a te d  A -l, A-2 and A-3 were th e  co arse  g ra in e d  s o i l s  
such as g ra v e l ,  sand , and m ix tu res  o f  sand and g ra v e l .  The n ex t two 
g roups, A-4 and A-5, were p redom inan tly  s i l t y  s o i l s .  The A- 6  and A-7 
groups in c lu d e d  th e  c lay ey  s o i l s ,  w h ile  th e  A- 8  group r e f e r r e d  to  
p e a ts  and mucks0 In  t h i s  o r ig in a l  system  th e  d e te rm in a tio n  o f  th e  
group to  which a  s o i l  belonged was based  on a  number o f  s o i l  p ro p e r­
t i e s  in  a d d it io n  to  th e  m echanical a n a ly s is ,  such a s  p l a s t i c i t y  in d ex , 
sh rinkage  p r o p e r t ie s ,  and th e  c e n tr ifu g e  and f i e l d  m o is tu re  equiva­
l e n t s .
T h is o r ig in a l  c l a s s i f i c a t i o n  was re v is e d  about 22 y e a rs  ago by 
th e  Highway R esearch B oard, based  on f i e l d  e x p e rien ce , a n d  s u b s e ­
q u e n tly  adopted  by th e  American A sso c ia tio n  o f S ta te  Highway O f f i c i a l s ,  
and i t  i s  now known a s  th e  AASHO system . In  i t  th e  number o f  p h y s ic a l 
p ro p e r t ie s  upon which th e  c l a s s i f i c a t i o n  i s  based  was reduced  to  th e
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
m echanical a n a ly s is ,  l iq u id  l i m i t ,  and p l a s t i c i t y  in d ex .
A more d e ta i le d  d e s c r ip t io n  o f th e  AASHO system  may be found 
as  Appendix A. In  a d d i t io n , as  Appendix B may be found in fo rm a tio n  
on th e  U. S . Bureau o f S o ils  C la s s i f ic a t io n  which i s  used by th e  
O n tario  Department o f  Highways.
DEFINITION OF SOIL AS USED IN THIS THESIS
S o il  may be s to n e , g ra v e l ,  sand , s i l t ,  c la y  o r any com bination 
th e re o f  as  d e fin e d  by AASHO 11145 or M146.
N ote: P a r t i c l e  s iz e ,  r a th e r  th a n  o r ig in  o f  m a te r ia l ,  i s  th e  b a s is
o f th e  fo reg o in g  d e f in i t io n .  C in d e rs , crushed  s to n e , s la g ,  
c h e r t ,  c a l ic h e ,  e t c .  a re  th u s  co n sid e red  w ith in  th e  d e f in i t io n  
o f  s o i l .
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CHAPTER II
FROST ACTION IN SOILS
GENERAL
'*1
Since Canada i s  in  an a r e a  o f  th e  w orld where f r o s t  a c t io n  has 
an im p o rtan t b ea rin g  on road  c o n s tru c tio n , i t  was th o u g h t a p p ro p r ia te  
to  in c lu d e  a  s e p a ra te  c h ap te r  on th e  s u b je c t .
F ro s t a c t io n  i s  n o t a  sim ple phenomenon. The elem ents o f  c l im a te , 
s o i l ,  ground w a te r , pavement, and t r a f f i c  a re  f a c to r s  which in f lu e n c e  
th e  n a tu re  o f  f r o s t  a c t io n ,  governing th e  in t e n s i t y  o f i t s  occurrence  
o r th e  degree to  which i t  i s  d e tr im e n ta l .  The thaw ing o f th e  fro zen  
ground and th e  marked re d u c tio n  in  b e a r in g  c a p a c ity  fo llo w in g  th e  
thaw ing a re  each as  much a  p a r t  o f  th e  o v e ra l l  phenomenon as i s  ground 
f r e e z in g . In  f a c t ,  any a c t io n  a s s o c ia te d  w ith  s o i l  f r e e z in g  o r  thaw ing 
which unduly s t r e s s e s  th e  ro ad  s u r fa c e , base  o r  subgrade s o i l ,  o r  
changes t h e i r  w a te r c o n te n t , p o ro s i ty ,  s t r u c tu r e ,  o r  a b i l i t y  to  
support lo ad s  i s  e s s e n t i a l ly  a  p a r t  o f  f r o s t  a c t io n .  Thus, f r o s t  a c t io n  
in c lu d e s  th e  p rim ary  p ro cess  o f  f r e e z in g  as  w e ll as th e  secondary pro­
c ess  o f  thaw ing and th e  e f f e c t s  o f  f r e e z in g  and thaw ing o f  pavements 
and t h e i r  fo u n d a tio n s .
When a  wet s o i l  i s  su b je c te d  to  a  low enough te m p e ra tu re , th e  
w a ter w ith in  th e  s o i l  f r e e z e s .  I f  th e  s o i l  w a ter i s  "pore" w ater 
( i . e . ,  w a te r n o t under s ig n i f ic a n t  a t t r a c t i v e  fo rc e s  from th e  s o i l  
p a r t i c l e s )  i t  f r e e z e s  a t  e s s e n t i a l ly  th e  same tem p era tu re  a s  w ater in
3
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a la rg e  c o n ta in e r .  "Adsorbed" w ater (w ater under s ig n i f ic a n t  
a t t r a c t i v e  fo rc e s  from th e  s o i l  p a r t i c l e s )  f r e e z e s  a t  a tem p era tu re  
low er th an  th e  f r e e z in g  p o in t o f f r e e  w a te r . Accompanying th e  w a te r-  
to - i c e  phase tra n s fo rm a tio n  i s  a  volume in c re a s e  o f  approx im ate ly  10$ . 
Upon f r e e z in g , th e r e f o r e ,  s a tu ra te d  s o i l  sw e lls  a  minimum o f 10$ o f 
th e  pore volume.
There i s ,  however, a  phenomenon which occurs in  c e r ta in  s o i l s  when 
fro ze n  th a t  r e s u l t s  in  a volume in c re a s e  which f a r  exceeds th e  minimum. 
T his i s  th e  movement o f  s o i l  m o is tu re  to  form ic e  le n s e s .  Thus,
*\ T)
f re e z in g  a  s o i l  can cause sw e llin g , o r  heav ing , many tim es g r e a te r  th an  
th e  amount a t t r ib u ta b le  to  volume change o f por& w a te r . W hile more 
heave occurs when th e  f r e e z in g  s o i l  has acce ss  to  an o u ts id e  source of 
w a te r , c o n s id e ra b le  heave can occur by r e d i s t r ib u t io n  o f m o is tu re  w ith in  
a s o i l .  In  a  s o i l  to  which no m o is tu re  i s  added, th e  m ig ra ted  m o is tu re  
i s  e i th e r  re p la c e d  by a i r ,  o r  th e  s o i l  reduces in  volume, o r  b o th .
Three c o n d itio n s  must e x i s t  a t  a  s i t e  fo r  f r o s t  heaving  to  occur:
a  f r o s t - s u s c e p t ib le  s o i l  
a  f r e e z in g  tem p era tu re  
a  source o f w a te r .
DEFINITIONS
F ro s t A ction -  i s  a  g e n e ra l term  used in  re fe re n c e  to
f re e z in g  and thaw ing of m o is tu re  in  
m a te r ia ls  and th e  r e s u l t a n t  e f f e c t s  on 
th e s e  m a te r ia ls  and on s t r u c tu r e s  o f  which 
th e y  a re  a  p a r t  o r  w ith  which th e y  a re  in  
c o n ta c t .
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Ice Segregation -
Open System -
F ro s t Heave -
P ercen tage  Heave -
F ro s t-S u s c e p tib le  -  
S o ils
in  s o i l s  i s  th e  growth o f  ic e  a s  d i s t i n c t  
le n s e s ,  la y e r s ,  v e in s , and m asses, 
commonly b u t n o t alw ays, o r ie n te d  normal 
to  th e  d i r e c t io n  o f h ea t l o s s .
i s  th e  c o n d itio n  in  which no source  o f
f r e e  w ater i s  a v a ila b le  du ring  th e  
f r e e z in g  p ro cess  beyond th a t  co n ta in ed  . 
o r ig in a l ly  in  th e  vo ids o f th e  s o i l  a t  
th e  im m ediate zone o f freez in g ,,
i s  th e  r a i s in g  o f a  su rfa ce  due to  th e
fo rm atio n  o f i c e  in  the  u n d e rly in g  s o i l .
i s  th e  r a t i o ,  expressed  as  a p e rc en ta g e , 
o f th e  amount o f heave to  th e  th ic k n e ss  
o f  th e  fro ze n  s o i l  b e fo re  f r e e z in g .
a re  th o se  in  which s ig n i f ic a n t  ic e  
seg re g a tio n  w i l l  appear when th e  r e q u i s i t e  
m o is tu re  and f re e z in g  c o n d itio n s  a re  
p re s e n t .  Most s o i l s  c o n ta in in g  3% o r  more 
o f  g ra in s  f in e r  by w eight th an  0 .0 2  mm. 
a re  s u s c e p tib le  to  ic e  s e g re g a tio n , and 
t h i s  l im i t  has been w idely  a p p lie d  to  
b o t h  u n i f o r m l y  a n d  v a r i a b l y  g r a d e d  s o i l s .  
Although i t  has been found th a t  some 
uniform  sandy s o i l s  may have as  h igh  as 
10% o f g ra in s  f i n e r  th a n  0 .0 2  mm. by
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w eight w ith o u t b e in g  co n sid e red  f r o s t  
s u s c e p t ib le ,  th e re  i s  some q u e s tio n  as to  
th e  p r a c t i c a l  v a lu e  o f a tte m p tin g  to  
c o n s id e r  such s o i l s  s e p a ra te ly , because 
o f t h e i r  r a r i t y  and tendency to  occur 
in te rm ix ed  w ith  o th e r  s o i l s .
N o n -F ro st-S u scep tib le
M a te r ia ls  -  a re  m a te r ia ls  such as cru shed  ro ck ,
g ra v e l ,  sand , s la g ,  c in d e rs ,  and o th e r
c o h es io n le ss  m a te r ia l  i n  which ic e
se g re g a tio n  does n o t occur under n a tu r a l
f re e z in g  c o n d itio h s .
'V V
Degree-Hour -  i s  a v a r ia t io n  o f  j 1°F . from j 32 °F . f o r
a  p e r io d  o f 1 h o u r. The d eg ree-hour i s  
n e g a tiv e  i f  below j 3 2 #F*j and p o s i t iv e  i f  
above 3 2 *F.
INFLUENCE OF ADMIXTURES ON FROST ACTION (17)
Admixtures w i l l  le s s e n  th e  s u s c e p t ib i l i t y  o f s o i l s  to  damaging 
f r o s t  a c t io n  (by red u c in g  th e  f r e e z in g  tem p era tu re  o f  pore w a te r , by 
reducing  m o is tu re  m ig ra tio n  and by cem enting p a r t i c l e s  to g e th e r ) .
Some Admixtures used  a re  as  fo llo w s!
1 . M a te r ia ls  which d is so lv e  in  th e  s o i l  w a te r such as*
Sodium C h lo rid e  
Calcium C h lo rid e  
S u lp h u ric  Acid 
S u lp h a te  L iquor
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Resinous M a te r ia ls  
Sodium S i l i c a te
2 . M a te r ia ls  added to  form a s tro n g e r  b in d in g  medium th an  
s o i l  w a ter such a s :
A sphalt Emulsion 
Tar
A sphalt Cutbacks 
Bunker "C" O il
3 . M a te r ia ls  which cement th e  s o i l  g ra in s  to g e th e r  such a s :
P o r tla n d  Cement 
L im e-Flyash
Mechanisms Whereby Admixtures Can Reduce F ro s t
F i l l  s o i l  Voids
Plug th e  vo ids o f  a  s o i l  w ith  a non-perv ious m a te r ia l  to  p rev en t 
th e  movement o f  w a te r . A sp h a ltic  c o n c re te  and P o rtla n d  Cement c o n c re te  
having most o f t h e i r  v o ids f i l l e d ,  a re  n o t f r o s t - s u s c e p t ib le  even 
though th e y  can c o n ta in  f r o s t  producing f in e s .
Cement S o il  P a r t i c l e s  '
T his i s  c lo s e ly  r e l a t e d  to  vo id  p lu g g in g . Low p e rm e a b ility  
r e s u l t s .
A lte r  C h a r a c te r is t ic s  of Pore F lu id
Use o f a  s a l t  such as  Sodium C h lo rid e  o r  Calcium C h lo ride  to  
low er th e  f r e e z in g  tem p era tu re  o f  th e  pore w a te r .
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
Aggregate Soil
The amount o f f in e s  in  a s o i l  can be reduced  w ith  adm ixtures 
such as P o r tla n d  Cement o r  l im e -f ly a s h  th a t  cause f lo c c u la t io n  by 
e le c tro -c h e m ic a l r e a c t io n s 0
S o il  a g g reg a tio n  can a lso  be o b ta in ed  by p o ly v a len t c a tio n s  
such as  Fe and AI which sh rin k  th e  d if f u s e  double la y e r s  around 
th e  s o i l  c o l lo id s  enough to  perm it th e  i n t e r p a r t i c l e  a t t r a c t i v e  fo rc e s  
to  make th e  p a r t i c l e s  c o h e re«
D isperse  S o il
Chem icals such as  p o ly an io n ic  phosphates o r s u lfo n a te s ,  and a 
monovalent c a t io n  sodium a re  used to  d is p e rs e  some o f th e  f i n e s « Some 
o f th e  an io n ic  groups can remove any p o ly v a le n t c a tio n s  by form ing in ­
so lu b le  p ro d u c ts  and o th e rs  can become a tta c h e d  to  th e  s o i l  m in e ra l 
su rfaceo  The sodium io n s  become lin k e d  to  th e  s o i l ,  r e p la c in g  th e  r e ­
moved p o ly v a le n t exchangeable c a t io n s .
Both th e  c a t io n  exchange -  m onovalent f o r  p o ly v a le n t -  and the  
an ion  a d so rp tio n  expand th e  d if f u s e  double la y e r s  around th e  s o i l  
c o l lo id s ,  th u s  in c re a s in g  i n t e r p a r t i c l e  re p u ls io n . T his te n d s  to  
d is p e rse  th e  s o i l  a g g re g a te s .
P a r t i c l e s  t h a t  do no t s t ic k  to g e th e r  can be m an ipu la ted  in to  a 
more o rd e r ly  and den ser s t r u c tu r e  w ith  low er p e rm e a b ility  and h ig h e r 
s t a b i l i t y  to  wster. Also by d ecreasin g  th e  s iz e  o f s o i l  v o id s , th e  
f r e e z in g  tem p era tu re  o f s o i l  m o is tu re  i s  low ered .
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SALT (NaCl) ADMIXTURE (5 7 )
S o lu tio n s  o f  g r e a te r  d e n s i t ie s  have low er f r e e z in g  p o in ts ,  h ig h e r 
b o i l in g  p o in ts ,  low er vapour p re s s u re s , and h ig h e r v i s c o s i t i e s  th an  
s o lu tio n s  o f  low er c o n c e n tra tio n s .
The r a t e  o f heav ing  depends on th e  th ic k n e ss  o f  a d so rp tio n  f ilm s  
a t  th e  in te r f a c e s  betw een growing ic e  c r y s ta l s  and u n d e rly in g  s o i l  
p a r t i c l e s .  In c re ase d  p re s su re  squeezes th e  f ilm s  to g e th e r  and de­
c re a se s  th e  r a t e  o f heave . T h e re fo re , adm ixing d is so lv e d  su b stan ces  
which decrease  th e  th ic k n e s s  o f  f ilm s  should  d ecrease  th e  heave. 
D ecreasing  th e  p re s su re  has th e  o p p o s ite  e f f e c t .
table x
FREEZING POINTS OF SOLUTIONS IN QUARTZ SAND
S o lu tio n F reez in g  P o in t Deg. F .
Water 31 .8
Sodium C h lo rid e  (0 ,5  N NaCl) 28 .8
Sodium C h lo rid e  (1 .0  N NaCl) 25 .4
Sodium C h lo rid e  (1 .5  N NaCl) 2 2 .2
Potassium  C h lo rid e  (0 .5  N KCl) 2 9 .0
Potassium  C h lo rid e  (1 .0  N KCl) 25 .6
Potassium  C h lo rid e  (1 .5  N KCl) 2 3 .0
Potassium  C arbonate (1 .0  N Kg.COj) 28 .0
Potassium  C arbonate (1 .0  N K N^) 26 .0
Calcium C h lo rid e  (1 ,0  N Ca Clg) 27 .0
Ammonium C arbonate (1 .0  N NH  ^ C0^) 28 .2
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T es ts  c a r r ie d  ou t a t  Purdue U n iv e rs ity  in  1940 showed t h a t :  
lo  Sodium c h lo r id e  i s  more e f f e c t iv e  in  reducing  f r o s t  
a c t io n  when used w ith  w ell'-graded  s o i l  m ix tu res  th an  
when used w ith  a n a tu ra l  s i l t y  c la y .
2 0 Sodium C h lo ride  p rov ided  good r e s is ta n c e  to  f r o s t  
a c t io n  p r im a r i ly  because of th e  f re e z in g -p o in t  
low ering  e f fe c te d  by them 0 (As long as  th e  s o i l  
r e t a in s  th e  chem ical in  i t s  f u l l  c o n c e n tra tio n ,
2% chem ical o r l e s s  p rev en ts  f r e e z in g  a t  -1 0 °  F . 
to  -1 5 °  F . and th e re b y  p rev en ts  f r o s t  damage.)
The m a te r ia ls  used in  th e  above t e s t  c o n s is te d  o f r
Graded S o i l  M ix tures -  11 <>5$ to  88 .5^ non p l a s t i c  g ra v e l’
s i l t y  c la y  mix 
-  20% to  80% non p l a s t i c  s a n d - s i l ty
c la y  m ix.
S i l t y  C lay had an LL = 46 and P . I  = 27
M ig ra tio n  o f S a l t
I ,  A b itum inous pavement p laced  over a s a l t  s t a b i l i z e d  
base  cou rse  w i l l  a c c e le r a te  th e  downward v e r t i c l e  
movement o f c h lo r id e  from th e  co arse  te x tu re d  b ases  
in to  th e  u n d e rly in g  f in e  g ra in ed  s o i l s 0
a
2 0 Rain f a l l i n g  on an unpaved s a l t  s t a b i l i z e d  base  course  
w i l l  c a r ry  th e  c h lo r id e  down w ith  th e  m o is tu re . How­
e v e r , ev ap o ra tio n  w i l l  c a r ry  th e  c h lo r id e  upward 
th rough  th e  s o i l .
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3« C h lo rid e  w i l l  a ls o  m ig ra te  l a t e r a l l y ,  b u t i s  g r e a t ly  
reduced  by an im pervious pavement.
4 .  Ground w ater w i l l  e f f e c t  th e  m ig ra tio n  o f c h lo r id e  
s a l t s ,  i n  f a c t ,  i n  tim e w i l l  com pletely  le a c h  them 
o u t .
5 . C h lo rid e  w i l l  m ig ra te  to  th e  re g io n  o f l e a s t  
c o n c e n tra tio n  in  th e  s o i l s .
CEMENTING ADMIXTURES (5 7 )
The r e s is ta n c e  to  f r o s t  a c t io n  o f a  so il-c em en tin g  adm ixture i s  
in v e r s e ly  p ro p o r tio n a l to  th e  degree o f  s a tu r a t io n  o f  th e  m ix tu re  a t  
th e  beg inn ing  o f th e  f r e e z in g  p e r io d .
The purpose o f a  cem enting adm ixture in  th e  case  o f  f r o s t  heave 
p rev en tio n  i s  to  b in d  th e  s o i l  p a r t i c l e s  to g e th e r  w ith  a  bond s tro n g  
enough to  r e s i s t  th e  expansive fo rc e s  from f r o s t  a c t io n 0
‘ \ \v
A lso , th e  cem enting adm ixture w i l l  b in d  th e  sm all p a r t i c l e s  in to  
l a r g e r  p a r t i c l e s ,  th u s  red u c in g  th e  amount o f  f in e s .
I t  has been determ ined  th a t  i f  f r o s t  heave re d u c tio n  i s  your on ly  
aim in  t r e a t in g  a s o i l ,  a  tre a tm e n t o f  cement p lu s  a d is p e r s a n t  i s  
n o t as  e f f e c t iv e  as  a tre a tm e n t o f d is p e r s a n t  w ith o u t cem ent. A one 
p e r cen t d is p e r s a n t  a d d it iv e  may be as  e f f e c t iv e  as a  f iv e  p e r cen t 
cement p lu s  one p e r c en t d is p e r s a n t  in  p rev en tin g  f r o s t  heave. 
A pparently  th e  cement has an adv erse  e f f e c t  on th e  d is p e r s a n t .  A 
d is p e r sa n t such as P o z z o li th , Daxad 21 , Q uadrafos, L ig n o so l, Sodium 
Hexam etaphosphate, Sodium T rip loyphosphate  i s  used to  d is p e r se  s o i l  
p a r t i c l e s  as  p a r t i c l e s  t h a t  do n o t s t i c k  to g e th e r  can be m an ipu la ted
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in to  a more o rd e r ly  and denser s t r u c tu r e ,  which g iv es  a low er 
p e rm e a b ility  and a h ig h e r s t a b i l i t y  to  water,,
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1. . REDUCTION OF FROST DAMAGE • IN SILT 
BY USE OF CHEMICALS
(BASED ON PURE CHEMICALS)1 -
. 1 .
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PERCENTAGE
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CHEMICAL
5 6
ADMIXTURE
Jigur© 3 Seduction of frost damage in s i l t  "by 
use of calcium chloride and sodium chloride (hased 
on pure chemicals). (After Slesser)
: I ;
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CHAPTER I I I  
SOIL-PORTLAND CEMENT STABILIZATION ,
DEFINITION OF TERMS RELATING TO SOIL-PORTLAND CEMENT STABILIZATION
S o il  -  S to n e , g ra v e l ,  sand , s i l t ,  c la y  o r any
com bination th e re o f  as d e fin ed  by 
AASHO M145 o r MU6 .
Notes P a r t i c l e  s i z e ,  r a th e r  th a n  
o r ig in  o f m a te r ia l ,  i s  th e  b a s is  o f 
th e  fo reg o in g  d e f in i t io n .  C in d ers , 
c ru sh ed  s to n e , s la g ,  c h e r t ,  c a l ic h e ,  
e t c . ,  a re  th u s  co n sid e red  w ith in  
th e  d e f in i t io n  o f s o i l .
P o r tla n d  Cement -  The p roduct o b ta in ed  by p u lv e r iz in g
'c l i n k e r  c o n s is t in g  e s s e n t i a l ly  o f 
h y d ra u lic  calc ium  s i l i c a t e s  to  which 
no a d d it io n s  have been made subse­
quent to  c a lc in a t io n  o th e r  th an  w ater 
an d /o r u n tre a te d  calc ium  s u l f a te  ex­
c e p t g r in d in g  a id s  and sometimes a i r -  
e n t r a i n i n g  a g e n t s  a n d / o r  g r a n u l a t e d  
b la s t - f u r n a c e  s la g .
16
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Cement-Treated Soil -
Soil-Cem ent -
Cem ent-M odified S o i l  -
An in tim a te  m ix tu re  o f p u lv e riz e d  s o i l ,  
P o rtlan d  cement and w a te r .
N ote; D e f in i t io n  im p lie s  no q u a l i ty  
s p e c i f ic a t io n  and on ly  s t a t e s  t h a t  
P o r tla n d  cement and w ater have been 
added to  th e  s o i l .
A hardened m a te r ia l  formed by c u rin g  a 
m ech an ica lly  compacted in t im a te  m ix tu re  
o f  p u lv e r iz e d  s o i l ,  P o rtla n d  cement and 
w a te r .
Note 1 ; D u ra b il i ty  an d /o r com pressive 
s tre n g th  a re  th e  common c r i t e r i a  fo r  
h a rd n e ss . The s tan d a rd  f o r  hardness 
v a r ie s .
Note 2 : The term  so il-cem en t i s  some­
tim es in c o r r e c t ly  used in  a  b road  serise 
to  in c lu d e  a l l  ty p e s  o f c em e n t-trea te d  
s o i l s .  (M a te r ia l s p e c if ie d  in  
C a l i fo rn ia  and some W estern S ta te s  as 
Cem ent-Treated Base, C lass  D m ix tu res) 
s a t i s f i e s  c r i t e r i a  fo r  so il-c e m e n t.
An unhardened o r sem i-hardened in tim a te  
m ix tu re  o f p u lv e riz e d  s o i l ,  P o r tla n d  
cement and w a te r .
Note; Cem ent-m odified s o i l  c o n ta in s  l e s s
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P la s t ic  Soil-Cem ent
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cement th an  th a t  re q u ire d  to  produce s o i l -  
cem ent. (T his ty p e  in c lu d e s  some C lass C 
"Cem ent-Treated Base" s p e c if ie d  in  some 
W estern S ta te s . )  Compaction and cu rin g  
a re  in c id e n ta l  to  th e  chem ical and p h y s ic a l 
p ro cess  o f m odifying a  s o i l  w ith  P o r tla n d  
cem ent. Degree o f m o d if ic a tio n  i s  judged 
u s u a lly  by changes in  th e  p h y s ic a l t e s t  
c o n s ta n ts  a n d /o r  b e a rin g  c a p a c ity  o f  th e  
s o i l ,  a lthough  o th e r  c r i t e r i a ,  such as 
changes in  p e rm e a b il ity , a re  u sed .
A hardened m a te r ia l  formed by cu rin g  an 
in t im a te  m ix tu re  o f p u lv e riz ed  s o i l ,  P o r t­
la n d  cement and enough w a te r  to  produce a 
m o r ta r l ik e  c o n s is te n c y  a t  th e  tim e o f 
m ixing and p la c in g .
N ote: P la s t i c  so il-cem en t d i f f e r s  from
P o rtla n d  cement c o n c re te  in  two re s p e c ts  -  
s o i l s  seldom meet s p e c if ic a t io n s  fo r  
c o n c re te  a g g re g a te s  and th e  cement con­
t e n t  f o r  p l a s t i c  so il-cem en t i s  lo w er. 
C r i t e r i a  fo r  hardness a re  th e  same as  f o r  
so il-c e m e n t.
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HOW CEMENT STABILIZES SOILS (45 , 52, 56)
Mechanisms
R eduction o f P l a s t i c i t y
The f i r s t  n o tic e a b le  p ro p e rty  change th a t  occurs when cement i s  
mixed w ith  m o ist cohesive  s o i l s  i s  a  marked re d u c tio n  in  p l a s t i c i t y ,  
probab ly  caused  by calc ium  io n s  re le a s e d  du rin g  th e  i n i t i a l  cement 
h y d ra tio n  r e a c t io n s .  The mechanism i s  e i th e r  a c a tio n  exchange o r a 
crowding o f a d d i t io n a l  c a tio n s  onto th e  c la y , bo th  p ro cesses  a c tin g  
to  change th e  e l e c t r i c a l  charge  d e n s i ty  around th e  c la y  p a r t i c l e s .
C lay p a r t i c l e s  th en  become e l e c t r i c a l l y  a t t r a c t e d  to  one a n o th e r , caus­
in g  f lo c c u la t io n  o r  a g g re g a tio n . The ag g reg a ted  c la y  behaves l i k e  a 
s i l t ,  which has a  low p l a s t i c i t y  o r  co h esio n . A ggregation ta k e s  p lace  
r a th e r  q u ic k ly , and i s  caused by th e  a d d it io n  o f r e l a t i v e l y  sm all 
amounts o f  cem ent.
Cem entation
In  compacted c em e n t-trea te d  s o i l  th e  h y d ra tio n  o f th e ' d i f f e r e n t  
cement c o n s t i tu e n ts  occurs a t  d i f f e r e n t  r a t e s ,  p ro v id in g  cem en titio u s  
amorphous and m in u te ly  c r y s t a l l i n e  h y d ra tio n  p ro d u c ts  re sp o n s ib le  f o r  
th e  c h a r a c te r i s t i c  e a r ly  and lo n g -te rm  s tre n g th  g a in s . The cem en ta tion  
i s  m ain ly  chem ical in  n a tu re  and may be v is u a l iz e d  as  due to  th e  d ev e l­
opment o f  chem ical bonds o r  lin k a g e s  between a d ja c e n t cement g ra in  
s u r fa c e s , and betw een cement g ra in  su rfa c e s  and exposed s o i l  p a r t i c l e  
s u r fa c e s .
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W ith cohesive  s o i l s ,  an im p o rtan t p a r t  o f th e  mechanism may be 
th e  harden ing  of c la y  a g g re g a tio n s  by lim e l ib e r a te d  as  a r e s u l t  of 
th e  h y d ra tio n  o f th e  cem ent. T h is would ex p la in  b o th  th e  hardened 
c o n d itio n  o f ag g reg a tio n s  observed where lumps o f s ta b i l i z e d  s o i l  a re  
removed from a ro ad  base some tim e a f t e r  c o n s tru c tio n  and th e  magni­
tu d e  o f  th e  in c re a s e  in  s tre n g th  a f t e r  th e  hardening  o f th e  cement 
bonds would have been expected  to  be com pleted .
F ine-G rained  S o ils
T,
The manner i n  which P o r tla n d  cement s t a b i l i z e s  s o i l s  to  meet 
req u irem en ts  f o r  so il-cem en t d i f f e r s  somewhat fo r  th e  two p r in c ip a l  
ty p es  o f s o i l s .  In  th e  f in e - g r a in  s i l t y  and c lay ey  s o i l s ,  th e  
cem ent, on h y d ra tio n , develops s tro n g  lin k a g e s  among and between th e  
m in e ra l ag g reg a te s  and th e  s o i l  ag g reg a te s  to  form a m a tr ix  th a t  
e f f e c t iv e ly  encases th e  s o i l  a g g re g a te s . The m a trix  forms a  honey­
comb ty p e  o f s t r u c tu r e  on which th e  s tre n g th  o f th e  m ix tu re  depends, 
because th e  c la y  ag g reg a tio n s  w ith in  th e  m a tr ix  have l i t t l e  s tre n g th  
and c o n tr ib u te  l i t t l e  to  th e  s tre n g th  o f th e  so il-c e m e n t. The 
m a tr ix  i s  e f f e c t iv e  in  f ix in g  th e  p a r t i c l e s  so th e y  can no lo n g e r 
s l id e  over each o th e r .  Thus th e  cement n o t on ly  d e s tro y s  th e  p l a s t i ­
c i t y ,  b u t a ls o  p ro v id es  in c re a se d  sh ea r s t r e n g th .  The su rfa c e  
chem ical e f f e c t  o f th e  cement reduces th e  w a ter a f f i n i t y  and th u s  
the water holding capacity o f clayey soils.
The com bination o f reduced  w a te r a f f i n i t y  and w a ter ho ld in g  
c a p a c ity  and a  s tro n g  m a tr ix  p rov ide  an encasement o f  th e  la r g e r  
u n p u lv e rized  raw s o i l  a g g re g a te s . Because o f  i t s  s t r e n g th  and r e ­
duced w a ter a f f i n i t y ,  t h i s  encasem ent se rv es  n o t on ly  to  p ro te c t  th e
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a g g reg a te s  b u t a lso  to  p rev en t them from sw e llin g  and so fte n in g  from 
a b so rp tio n  o f m o is tu re  and from s u f fe r in g  d e tr im e n ta l freeze -th aw  
e f f e c t s .
G ranu lar S o ils
In  th e  more g ra n u la r  s o i l s  th e  cem enting a c tio n  approaches th a t  
in  c o n c re te , excep t t h a t  th e  cement p a s te  does n o t f i l l  th e  v o ids in  
th e  ag g re g a te . In  san d s, th e  ag g reg a te s  become cemented on ly  a t  p o in ts  
o f c o n ta c t .  The more d en se ly  graded  th e  s o i l ,  th e  sm a lle r  th e  v o id s , 
th e  more numerous and g r e a te r  th e  c o n ta c t a re a s ,  and th e  s tro n g e r  th e  
cem enting a c t io n .  Uniform ly graded  (o n e -s iz e )  sand , which has a  m in i­
mum o f  c o n ta c t a re a  between g ra in s ,  r e q u ire s  a  f a i r l y  h igh  cement 
c o n ten t f o r  s t a b i l i z a t i o n .  Because w e ll-g rad ed  g ra n u la r  s o i l s  g e n e ra lly  
a ls o  have a  low sw e ll p o te n t ia l  and low f r o s t  s u s c e p t ib i l i t y ,  i t  i s
p o s s ib le  to  s t a b i l i z e  them w ith  l e s s e r  cement c o n te n ts  th a n  a re  needed
f o r  th e  u n ifo rm ly  graded san d s , th e  more f r o s t - s u s c e p t ib le  s i l t s ,  and 
th e  h ig h e r sw e llin g  and f r o s t - s u s c e p t ib le  c lay ey  s o i l s .  For any ty p e  
o f s o i l ,  th e  cem enting p ro cess  i s  g iven  th e  maximum o p p o rtu n ity  to  
develop when th e  m ix tu re  i s  h ig h ly  compacted a t  a  m o is tu re  c o n ten t th a t  
f a c i l i t a t e s  b o th  th e  d e n s i f ic a t io n  o f th e  mix and th e  h y d ra tio n  o f th e  
cem ent.
Degree o f S ta b i l i z a t io n
Four m ajor v a r ia b le s  c o n tro l  th e  degree o f s t a b i l i z a t i o n  o f  s o i l s  
w ith  cement:
1 . th e  n a tu re  o f th e  s o i l
2 . th e  p ro p o r tio n  o f cement i n  t h e  mix
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3 . th e  m o is tu re  c o n ten t a t  tim e o f compaction
4 . th e  degree o f d e n s i f ic a t io n  a t ta in e d  in  com paction.
I f  th e  m o is tu re  co n ten t and th e  d e n s i ty  a re  c o n tro l le d  in  acco rd - 
and w ith  s tan d a rd  methods (AASHO T134 and ASTM D558) and normal m ixing 
and cu rin g  p rocedures a re  observed , th e  n a tu re  o f th e  s o i l  and th e  
p ro p o r tio n  o f cement used determ ine th e  degree o f s t a b i l i z a t i o n .
I t  i s  p o s s ib le ,  sim ply by v ary in g  th e  cement c o n te n t , to  produce 
mixes t h a t ,  a f t e r  h y d ra tio n  o f th e  cem ent, may range from th o se  t h a t  
r e s u l t  i n  on ly  a s l i g h t  m o d if ic a tio n  o f th e  compacted s o i l  (cem ent- 
m odified  s o i l )  to  th e  p roduct known as  so il-c em en t, which must meet 
c e r ta in  minimum s tre n g th  and d u r a b i l i ty  re q u irem en ts .
When m o is tu re  i s  in c re a se d  s u f f i c i e n t ly  to  produce a  p la s t i c  mix, 
and th e  cement c o n ten t a d ju s te d  to  meet s tre n g th  and d u r a b i l i ty  r e ­
quirem ents f o r  th e  p l a s t i c  c o n d itio n , th e  p roduct becomes p l a s t i c  s o i l -  
cem ent.
The a b i l i t y  to  c o n tro l  th e  p ro p e r t ie s  o f th e  mix to  s u i t  th e  
c o n s tru c tio n  and to  c o n tro l  th e  degree  o f s t a b i l i z a t i o n  to  s a t i s f y  th e  
s tre n g th  and d u r a b i l i ty  req u irem en ts  has r e s u l te d  in  th e  development 
o f th e se  th re e  p r in c ip a l  ty p e s  o f c em e n t-trea te d  s o i l :  s o il-c e m e n t,
cem ent-m odified s o i l  and p l a s t i c  so il-c e m e n t.
FACTORS INFLUENCING PROPERTIES OF CEMENT-TREATED SOILS
G eneral
The m a te r ia l s ,  mix p ro p o r tio n s , c o n s tru c tio n  methods and en v iro n ­
m en ta l c o n d it io n s , n a tu ra l  and a r t i f i c i a l ,  a l l  have an in f lu e n c e  on 
th e  p ro p e r t ie s  o f c em e n t-trea te d  s o i l .
The f a c to r s  t h a t  in f lu e n c e  p ro p e r t ie s  o f  c em e n t- tre a te d  s o i l  a re
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grouped according to:
a) the nature of the materials and the proportions of 
the mix (soil, cement and water)
b) mixing and compacting
c) the conditions of during (including aging)
d) beneficial admixtures (soil amendments and additives).
Nature of Materials and proportions of Mix
The Soil
Factors are present in soils that prevent uniform reaction with 
cement and water, thereby adversely affecting the strength and dura­
bility of the stabilized soil. These contributing factors - inherent 
nature of the soil; its composition, both physical and chemical; its 
texture, expressed in grain-size distribution; its responses to water; 
its workability - are so diverse, yet so interrelated in influence, 
that no one has a constant, major predominating effect.
(a) Soil Identification Groups - Great Soil Groups
The effect on c ement stabilization of soil compositional variables 
such as the content of sand, silt, clay, and organic matter or sul­
phates or other constituents, are so strong within the different Great 
Soil Groups (Podzol, Grey-Brown Podzolic, Red and-Yellow, Prairie, 
Chermozem, Dark Brown, Desert soils, etc.) that they overshadow the 
influences of the broad group effects. The susceptibility of laterite 
and lateritic soils to stabilization varies from excellent to poor 
depending on the organic content and degree of laterization.
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(b ) S o il  S e r ie s  and Horizon
S o ils  o f  th e  same s e r ie s  and h o rizo n  (a s  i d e n t i f i e d  by th e  U. S. 
Department o f  A g ric u ltu re  system  o f i d e n t i f i c a t io n )  r e q u ire  th e  same 
amount o f  cement to  produce so il-c e m e n t.
(c ) S o il  C la s s i f ic a t io n  Groups
The in f lu e n c e  o f th e  n a tu re  o f th e  s o i l  i s  a lso  in d ic a te d  by th e  
ranges o f cement req u irem en ts  to  produce so il-cem en t fo r  th e  v a rio u s  
AASHO s o i l  g roups.
TABLE I I
CEMENT REQUIREMENTS BY AASHO SOIL GROUPS* 1
AASHO Usual Range in E stim ated  Cement Cement C ontent
S o il Cement Requirem ent C ontent and th a t f o r  Wet-Dry and
Group used in  th e  M oisture Freeze-Thaw
(% by V o l.) {% by W t.)
D en sity  T est T e s ts
{.% by W t.) (* by W t.)
A -l-a 5 -  7 3 -  5 5 3 - 5 - 7
A-lWb 7 - '  9 5 - 8 6 4 - 6 - 8
A-2 7 - 1 0 5 -  9 7 5 - 7 - 9
A-3 8 - 1 2 7 - 1 1 9 7 -  9 - 1 1  ,
A-4 8 - 1 2 7 - 1 2 10 8 -  10 -  12
A-5 8 - 1 2 8 - 1 3 10 8 - 1 0 - 1 2
A—6 10 -  14 9 - 1 5 12 1 0 - 1 2 - 1 4
A-7 10 -  14 10 -  16 13 10 -  13 -  15
*  For dark  g rey  to grey  A - h o rizo n  s o i l s , in c re a s e  th e  above cement
c o n te n ts  fo u r  p e rcen tag e  p o in ts ;  f o r  b la ck  A -  h o rizo n  s o i l s ,  
s ix  p o in ts .
See R eference 52 ' . ' I
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TABLE I I I
AVERAGE CEMENT REQUIREMENTS FOR MISCELLANEOUS MATERIALS ! •
Type
o f
M iscellaneous M a te r ia l
E stim ated  Cement C ontent 
and th a t  used in  
M o istu re-D en sity  T est
{% by V o l.) (% by Wt.)
• Cement C ontent 
f o r  Wet-Dry and 
Freeze-Thaw T es ts
{% by Wt.)
S h e ll s o i l s 8 7 5 - 7 - 9
Lim estone sc reen in g s 7 5 3 - 5 - 7
Red-dog 9 8 6 - 8 - 1 0
Shale o r d is in te g r a te d  
sh a le 11 10 8 - 10 -  12
C aliche 8 7 5 - 7 - 9
C inders 8 8 6 -
o
 
»—1i<x>
C hert 9 8 6 - 8 - 1 0
Chat 8 7 5 - 7 - 9
Marl 11 11 ■ 9 - 11 -  13
S c o ria  ( c o n ta in in g  +
No.4 m a te r ia l) 12 11 9 - 11 -  13
S c o ria  ( minus No. 4
m a te r ia l  on ly ) 8 7 5 - 7 - 9
A ir-co o led  s la g 9 7 5 - 7 - 9
W ater-cooled  s la g 10 12 10 - 12 -  14
(d) Aggregates Retained on No. 4 Sieve
The a d d it io n  of co arse  ag g reg a te  (m a te r ia l  re ta in e d  on No. 4 
s ie v e )  to  f in e -a g g re g a te  s o i l  (m a te r ia l  p a ss in g  th e  No. 4 s ie v e )  in  
e f f e c t  in c re a s e s  th e  cement c o n ten t o f th e  f in e -a g g re g a te  s o i l  and 
See R eference 5 2
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\
thus increases strengths If the cement content by weight in the 
fraction passing the No„ k sieve is held constant, the compressive 
strength is not affected appreciably by the proportion of coarse 
aggregate unless that portion is greater than 50% by weight of the 
total material.
(e) Clay Content
Cement requirements increase with increase of clay content.
(f) Liquid Limit and Plasticity Index
The plasticity of a soil has marked influence on the properties of 
a soil. No relationship has yet been found between plasticity (LL and Pi) 
and cement content for soils of'the A-2 and A-3 groups. For soils of 
the A-4 group, there is a noticeable trend of increasing cement require­
ment with increase in liquid limit. The trend is more marked for soils 
of the A—6 and A-7 groups.
Age strongly influences the plasticity of cement-treated soil 
mixtures. Marked reductions in plasticity occur within one hour and 
continue to decrease gradually for years.
(g) Chemical Composition - General
The constituents of soils include substances that react with cement 
to different degrees.
Normally reacting soils may .differ in degree of reaction depending 
on the nature of the cations associated with the clay size materials.
Soils that do not react normally with cement may owe that 
property to the presence of a form of organic matter that causes delayed 
setting or to the presence of sulfates that cause swelling and/or
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reduction in strength in the presence of water,,
(h) Surface Chemical Factors
Satisfactory soil-cement has been produced from soils whose p H 
values ranged from 4 to over 10. However, care is needed to interpret 
p H and organic content as separate variables, as soils containing 
more than 5000 ppm organic matter are acid. The nature of the dominant 
cation in soil clay has strong influence not only on the properties of 
the raw soil, but also on the properties of the cement-treated soil.
(i) Organic Matter
Undecomposed vegetation such as roots and twigs, the carbon 
compounds - coal, carbon, etc., and other water-insoluble compounds 
derived from vegetation do not cause an unfavourable reaction with 
cement.
The quantity of organic matter in ppm is not a direct indication 
of its potential influence; some sands with only 1000 ppm require high 
cement content for hardening. However, when the Standard Colorimetric 
Test indicates more than 2000 ppm the organic matter may influence the 
reaction with cement if measured by the compressive strength. Yet, some 
soils with up to 30,000 p^pm (3%) organic matter have been hardened with 
8$ cement by volume. When the colorimetric test value is in excess of 
4000 ppm, higher-than-normal cement content should be used.
(j) Sulfate Content
When ground water carries sulfates the water can enter cement-
\
treated soil and combine with tricalcium aluminate in the hydrated 
cement and produce calcium sulfoaluminate. When the sulfate is
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magnesium sulfate, the action is more marked in that it can also attack 
the calcium silicate in the hydrated cement. Both reactions are 
accompanied by large increases in volume of the soil-cement and in re­
duced strengths.
Strengths produced by sulfate-resistant cement are not significantly , 
greater than with ordinary cement„
(k) Soil State - General
The quality of cement-treated soil in large measure depends on the 
soil state during mixing and compacting. The degree of pulverization 
limits the degree of mixing possible. The moisture content has a major 
influence on not only the density, but also on the manner in which the 
mass is knit together and on the cement hydration. The density has a 
marked effect on strength«
(l) Degree of Pulverization
The quality of the cement-treated silty and clayey soils is highest 
when 100$ of the soil, exclusive of gravel or stone, is pulverized to 
pass a No. k sieve0
However, the quality is not seriously affected by the presence of 
as much as 30$ unpulverized soil, provided the lumps are at or near 
optimum moisture at the time of compaction of the cement-treated soil.
If the lumps are dry at the time of compaction, the quality of 
the mixture may be seriously impaired.
(m) Moisture Content of Cement-Treated Soil at 
Time of Compaction
Cement-treated soils exhibit the same type of moisture-density
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relationship as do untreated soils. In addition, the Moisture- 
density relationship has a bearing on cement hydration. Therefore, 
the soils should be compacted at or near optimum moisture content.
(n) Moisture Content of Cement - Treated Soil at 
Time of Testing - Wet-Dry Strength Ratio
The moisture content at the time of performing a strength test has 
great influence on the compressive strength of cement-treated soil.
Since the dry strength condition is so much higher than the wet or 
saturated strength condition, and since in a road base, the cement- 
treated soil exists in the moist state, to obtain realistic strength 
values, tests should be carried out on wet or saturated samples.
(The dry state evaluates the combined cohesive effect of the soil and 
the cementing action of the cement.)
(o) Density
The strength and durability of cement-treated soil are strongly 
influenced by density. The relationship between strength and density 
approaches a straight line for some soils and cement contents.
(Research by the British Road Research Laboratory has established that 
at a given moisture content the strength of soil-cement is related 
linearly to the logarithm of the density.) k  5%> decrease in relative 
compaction may result in a greater strength reduction than a drop of 
10% - 15% of the cement content.
In the wet-dry and freeze-thaw cycle, increasing the density 
decreased the brushing losses.
Compressive strengths also are increased with increased density.
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Cement Content
For a given soil that reacts normally with cement, the cement 
content determines the nature of the cement-treated soil. The pro­
portion of cement alters the plasticity, volume change, susceptibility 
to frost heave, elastic properties, resistance-to wet-dry and freeze- 
thaw alterations, and other properties in different degrees for 
different soils.
Type of Cement
Normal (Type 1) and Air-Entraining (Type 1A) Cement have similar 
effects on moisture , density, compressive strength and brushing losses 
in wet-dry and freeze-thaw cycles0
Type III, High Early Strength Cement, gives the same optimum 
moisture content and maximum density as Type I, but the compressive 
strength of Type III is generally much higher than Type I, and could 
be an economic factor in its choice.
For Sulphate Resisting Cement see Page 27 - (Sulphate Content).
Water
(a) Quality - Differences in normal potable water do not
cause significant differences in the 
quality of cement-treated soil. Sea water 
has been used successfully. '
(b) Quantity - See Page 29 (Moisture Content of Cement-
Treated Soil at Time of Compaction).
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Mixing and Compacting
The efficiency of the mixing and compacting equipment and the 
time required for mixing and compacting influences both the strength 
and the durability of cement-treated soil. Mixing involves both degree 
and time. The degree of mixing, also termed "uniformity of mixing" and 
"efficiency of mixing" is a measure of the thoroughness or completeness 
of mixing compared to some arbitrary standard. The degree of mixing 
involves both the equipment and procedures, and is closely related to 
the type of soil as well as its pulverization and its moisture content. 
Degree of mixing is also a function of time. Both the degree of mixing 
and the time between completion of moist mixing and completion of com­
paction influence the properties of cement-treated soil0
Degree of Mixing
The degree of mixing has been measured experimentally by two 
methods:
One method is a direct measure of the uniformity of cement concen­
tration by means of radio-active tracer technique. By grinding Cobalt 
60 with the cement, a scintillation counter can be used to measure the 
uniformity of cement distribution in the soil.
In the other method, ratio of the strength of specimens molded 
from the field mix to the strength of specimens molded from the field
mi x  after additional laboratory- mixing are compared. The efficiency
of mixing is computed from the average compressive strengths of specimens 
mixed only by field mix, Cf, divided by the corresponding value for the 
remixed specimens, Cr. That is
Cf
Efficiency of mixing = — x 100% .
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
32
A 60$ efficiency has been found typical of mix-in-place work 
by the multi-pass process for cohesive soils. Higher efficiencies 
are obtained using the multi-pass process -with granular soils and 
using the single pass with cohesive soils.
Efficiencies approaching 100$ are often obtained using plant- 
mix with granular soils0
Duration of Mixing Period
Increasing the period of moist mixing and/or delaying compaction 
following completion of the moist mixing generally increases the 
optimum moisture content, reduces the maximum density, decreases the 
compressive strength, and increases the brushing losses in the wet-dry 
and freeze-thaw tests0 The degree of the influence on each varies 
widely depending on the soil type, the period of mixing or period of 
delay (or both), and the cement content„
Relative values of optimum moisture content and maximum density 
for laboratory-mixed soil-cement' prepared from various types of soil 
are given in Table IV.
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MAXIMUM DENSITIES AND OPTIMUM MOISTURE CONTENTS OF SOIL CEMENT 
COMPARED TO CORRESPONDING VALUES FOR RAW SOIL *
Soil Group 
and Type
Change in Maximum 
'Density (in PCF)
* Change in Optimum 
Moisture Content 
(In % Units)
A - 2 sandy loam 0 to + 3 - 1 to + 1
A - 3 sands • 0 to + 6 0 to - 1
A - 4 silts and loams 0 to - 6 0 to + 3
A .- 5 silts - 3 to + 1 0 to - 3
A - 6 medium clay 0 to + 1 0 to - 2
A - 6 heavy clay - 1 to + 2 0 to - 4
Prolonged intermittent mixing (up to 6 hours) may increase the 
optimum moisture contents for maximum compaction of cement-treated 
sandy loam soils about 1% unit, silty soils 1% to 2% units, and 
clayey soils 1% to 3% units.
Prolonged delay (up to 6 hours) may further increase the optimum 
moisture content.
Prolonged delay may have similar but more or less pronounced 
effect on the optimum moisture content for maximum strength, the effect 
being less for sands, about the same for silty soils and greater for 
clays.
Extended mixing reduces densities of sands in the order of 0 to 
1 pcf, of silty soils 2 to 4 pcf, and of clays up to 5 pcf or more. 
Prolonged delays without mixing may further increase these values.
Prolonged mixing and delay will have an effect on the compressive 
See Reference
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strength by showing a marked decrease; however, prolonged intermittent 
mixing is less harmful than an undisturbed delay.
Wet-dry and freeze-thaw test brushing losses increase as the 
length of moist mixing increases. This is most pronounced when there 
is no intermittent mixing for an extended period.
The least possible time consistent with thorough moist mixing 
and adequate compaction should be used. If mixing is intermittent, 
total mixing time up to 4 hours is not seriously detrimental.
Conditions of Curing
Field Curing
Adequate moisture must be retained in the compacted mixture during 
the curing period of seven days or longer. The soil-cement should be 
given an immediate bituminous seal after final compaction and shapings
The desirable moisture content ranges from field optimum for the 
heavier and faster-curing bituminous types (RC3) placed during the hot 
summer months to a water-saturated surface for the slower-curing bitu­
minous types placed during the cooler spring and fall seasons.
Best results are obtained when surface voids are filled with water 
immediately prior to application of the bituminous seal.
Adequate surface moisture reduces penetration of the bituminous 
material. Penetration of the seal lowers the quality of the soil- 
cement and reduces the adherence of the bituminous cover0
Temperature
1. The seven day compressive strength increases with
increasing temperature by 2 to 2 per degree centigrade
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when the temperature is in the vicinity of 25°C.
2. Soil-cement will harden in cold weather provided the
temperature is above 0°C.
3. If compressive strength is taken as the sole criterion 
of the quality cf soil-cement, less cement is needed in 
warm weather than in cold weather,,
4. Because of ambient temperature differences, soil-cement 
constructed during warm weather should be 50 to 100$ 
stronger than similar construction made during cool 
weather, at least during the first three months of life 
of the construction.
Age
Soil cement continues to increase in strength with increasing age 
in a manner similar to concrete. British research indicates that for 
normal reacting soils the relation between strength and logarithm of 
age is linear over a fairly wide range of ages, although there are some 
departures from the relation at very early ages (up to one day) and at 
considerable ages (six months and above).
Beneficial Admixtures
Soil and Aggregate Admixtures
Soil amendments and additives have been used to improve the 
reaction between the soil and cement. Normally reacting soils have 
been used to amend soils which showed poor reaction by altering the 
soil grading or by diluting the poorly reacting soil. Favorably
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reacting materials such as limestone screenings and crushed limestone 
have been used. Fine-grain soil has been added to clean sands and 
sand-gravels; conversely, sands, sand-gravels and pulverized bitum­
inous surfaces have been mixed into clays to inn- we the reaction 
(and in many instances to reduce cement requirements).
The occurrence of detrimental types of organic matter in some 
sandy soils (see "Factors Influencing Properties of Cement-Treated 
Soil Organic Matter") has necessitated the admixing of normally re­
acting soils.
Hydrated Lime or Quicklime
Hydrated Lime has been used as an admixture to cement-treated 
soil to improve the cement reaction with some organic soils that ex­
hibit retarded setting or are productive of abnormally low strengths 
\\rhen mixed with Portland cement alone.
Lime is also used as an admixture to highly plastic materials to 
facilitate pulverization and mixing, and to increase compressive 
strength and resistance to loss in the wet-dry test, for the wet-dry 
test is often a significant criterion for determining cement require­
ments for plastic high-volume-change soils.
British studies have shown that the addition of 2% lime to cement- 
treated soil increased the compressive strength and the resistance to 
reduction in strength on immersion in water, but that the use of lime 
contents greater than 2% is not warranted.
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Bituminous Emulsion
A specially developed bituminous emulsion in Britain will remain 
stable for a short time when mixed with fine-grained soils. The 
cement that is added subsequently:
a) causes the emulsion to break
b) absorbs some of the resulting free moisture
c) gives added strength to the processed and compacted soil.
The proportions of admixture generally required are 5 to 7g%
emulsion and 3 to 5% cemento The final material is said to have pro­
perties intermediate between those of soil-cement and true soil-bitumen<>
Flyash
Flyash is not markedly beneficial as an admixture. It does, 
however, reduce shrinkage cracking in clay soils. It has no marked 
effect on the strength of cement-treated soil mixtures, and is detri­
mental to freeze-thaw resistance„
Calcium Chloride
Calcium Chloride is a beneficial admixture to use with cement and 
poorly reacting organic soils. The amount of cement required to 
harden the soil is reduced markedly. Generally, the amount of calcium 
chloride varies from 0.4 to 1.0% with 0.6% the average.
Plaster of Paris - (Calcium Sulphate)
Admixtures of plaster of Paris to cement-treated soils containing 
2.5% cement by'weight have been studied experimentally as a means of 
controlling volume change of the soils.
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Shrinkage decreased as the proportion of plaster of Paris 
increased until at 2 to depending on the soil type, expansion 
occurred. The expansion increased with furth.r increase in plaster 
of Paris content. Admixing plaster of Paris increased the compressive 
strength. However, plaster of Paris, for three of the four soils 
tested, had a detrimental effect on durability as determined by the 
wetting and drying test.
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CHAPTER IV
SOIL - SODIUM CHLORIDE (NaCi) STABILIZATION
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CHAPTER IV
SOIL - SODIUM CHLORIDE (NaCl) STABILIZATION
DEFINITIONS:
S ta b i l i z a t io n  -  i s  a  p ro cess  im proving th e  n a tu ra l  s o i l
p ro p e r t ie s  to  optimum c o n d itio n s  and
«
e f f e c t iv e ly  m a in ta in in g  th e  s o i l  in  th a t  
s t a t e .
(The p r in c ip a l  aims o f s t a b i l i z a t i o n  a re  
to  make th e  s o i l  a s  dense as  p o s s ib le ,  and 
to  p rev en t th e  th ic k n e ss  o f th e  m o is tu re  
f ilm s  from changing , i . e . ,  s t a b i l i t y  de­
pends upon th e  th ic k n e s s  o f  th e  adsorbed  
m o is tu re  f i lm s .)
T his may be accom plished by v a rio u s  means 
such as  m odifying th e  p a r t i c l e  s iz e  g rad­
a t io n ,  and com paction; a d ju s t in g  th e  
P l a s t i c i t y  Index by changing th e  c a t io n s  
adsorbed  on th e  c la y  p a r t i c l e s ;  by 
chem ical means.
S a l t  S ta b i l i z a t io n  -  i s  th e  chem ical s t a b i l i z i n g  ag en t used to
m a in ta in  in  th e  s o i l  th e  optimum c o n d itio n s  
o f  g ra d a tio n , w a te r co n ten t and com paction 
o r ig in a l ly  im p arted .
 4 0
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Flocculation - is the formation of flocks which are
micro or macroscopically visible aggregates 
of colloidal particles. A flock is a loose 
fluffy aggregation of individual colloidal 
particles. It will eventually settle out 
to form a loose precipitate„
ACTION OF SODIUM CHLORIDE ON SOILS (57)
Optimum Moisture and Maximum Density
Sodium Chloride solutions have a lower vapour pressure than water, 
thus retarding the evaporation of moisture from the soil mixture. To 
achieve maximum density and stability, the careful control of moisture 
during the compaction period is a very important factor. Unless opti­
mum moisture is uniformly maintained, it is virtually impossible to 
achieve a maximum density in all sections of the project. The inclusion 
of sodium chloride in the mix provides a resistance to the usual evap­
oration and therefore aids in maintaining the necessary optimum 
moisture content.
To achieve Maximum Density salt must always be used -with well- 
graded granular materials.
Surface of Salt Stabilized Mixture
With prolonged evaporation, the sodium chloride solution reaches 
the saturation point at the surface and crystals of salt are deposited. 
It is claimed that this crystallization contributes to the strength of 
the stabilized mixture.
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Clay
The addition of sodium chloride to a clay (not true of all 
clays, for instance., bentonite) tends to produce flocculation, so 
that soil mixtures become more dense u.vier traffic, and consequently 
also relatively less permeable0
When water falls upon such a road, surface salt dissolves and
the brine seeps into the ground, considerably reducing the concen­
tration of salt near the surface.
The clay near the surface thus deflocculates and swells, plugging 
up the pores and preventing further percolation of water downward from 
the surface,, This action, together with maintained compaction beneath 
the surface, greatly retards the leaching of sodium chloride from the 
stabilized wearing course, thus preventing further deflocculation.
As drying occurs, the brine creeps to the surface by capillary 
action, and flocculation of clay and crystallization of' salt again 
takes place.
Atterberg Limits
Plastic limits are only slightly affected by pore water salinity. 
Liquid limits are markedly affected in the range of pore water 
salinities from 1 to 10 grams per liter.
Frost Action
Sodium Chloride provides good resistance to frost action primarily 
because of the freezing point lowering effected by them.
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CHAPTER V
SOIL-LIME-FLYASH STABILIZATION
DEFINITION OF TERMS RELATING TO SOIL-LIME-FLYASH STABILIZATION
Lime -  Lime i s  com m ercially  produced by " lim e -
burn ing" o r c a lc in in g  crushed  lim e s to n e .
Hot gases su p p lie d  by burn ing  g a s , c o a l 
o r  o i l  a re  passed  over th e  crushed  lim e­
sto n e  to  reduce th e  calc ium  carb o n a te  in  
th e  s to n e  to  th e  oxide o f calc ium .
21 k c a l .  + CaCO  ^ ^  |V CaQ + CO^
The calc ium  oxide (CaO) produced i s  known 
as  c a lc ia  o r  more commonly, h ig h -ca lc iu m  
lim e .
Sometimes do lom ite  o r d o lo m itic  lim e s to n e , 
a  carbonaceous rock  s im ila r  to  lim e s to n e , 
b u t c o n ta in in g  some magnesium carb o n ate  
(CaCO^ + MgCO^), i s  lim e-b u rn ed . In  
t h i s  case  th e  p roduct i s  c a l le d  d o lo m itic
A
lim e (CaO + MgO).
The ox ides o f  calcium  an d /o r magnesium a re  
u s u a lly  known as  qu ick lim e o r unslaked  lim e 
Quicklim e r e a d i ly  r e a c ts  w ith  w ater to  
produce calc ium  hydroxide which i s  commonly 
43
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known as slaked lime or hydrated lime.
CaO + H20 — =3* Ca(0H)2 + 15.3 kcal. 
Dolomitic quicklime does not hydrate as 
readily as high-calcium quicklime as most 
of the magnesium oxide (MgO) remains in a 
free state. The resulting lime, Ca(0H)2 
+ MgO, is termed normal hydrated or mono­
hydrated dolomitic lime. However, a di­
hydrated dolomitic lime, Ca(0H)2 + Mg(0H)2 
can be formed by pressure hydration of 
dolomitic quicklime.
TABLE V
PROPERTIES OF COMMERCIAL LIMES (11)
(a) Quicklime
Chemical Composition High Calcium % Dolomitic %
CaO 92.25 - 98.00 55.50 - 57.50
MgO 0.30 - 2.50 37.60 - 40.80
C02 0.40 - 1.50 0.40 - 1.50
Si°2 0.20 - 1.50 0.10 - 1.50
Fe2°3 '
0.10 - 0.40 0.05 - 0.40
A!203 0.10 - 0.50 0.05 - 0.50
h2° 0.10 - 0.90 0.10 - 0.90
Specific Gravity 3.2 - 3.4 3.2 - 3.4
Specific Heat at 100°F. 
BTU per lb. ■ 0.19 0.21
Bulk Density (pebble lime)
pcf 55-60 . 55 - 60
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PROPERTIES OF COMMERCIAL LIMES
(b) H ydrates
High
Calcium
Monohydrated
D olom itic
D ihydrated
D olom itic
P r in c ip a l  Chemical 
Com position Ca(0H) 2 Ca(0H) 2 + MgO Ca(0H)2 + Mg(0H) 2
S p e c if ic  G ra v ity  * 2 .3  -  2 .4 2 .7  -  2 .9 2 .4  -  2 .6
S p e c if ic  Heat a t  
100$ F.
BTU p e r l b . 0 .29 0 .29 0 .29
Bulk D en sity , pcf 25 -  35 25 -  35 30 -  40
Pozzolan -  i s  a  s i l ic e o u s  o r s i l ic e o u s  and alum inous
m a te r ia l  which in  i t s e l f  p o sse sse s  l i t t l e
«
o r  no c em en titio u s  v a lu e  b u t w i l l ,  in  
f in e ly  d iv id ed  form and in  th e  p resence  o f 
m o is tu re , ch em ica lly  r e a c t  w ith  calcium  
hydroxide a t  o rd in a ry  tem p era tu res  to  form 
compounds p o sse ss in g  cem en titio u s  
p ro p e r t ie s .
F lyash  -  i s  an a r t i f i c i a l  pozzolan which r e s u l t s
from burn in g  p u lv e riz ed  c o a l .  The c o a l ,  o f 
which about 80$ passes  a  No. 200 s ie v e , i s  
blown in to  a  fu rn ace  w ith  p rim ary  a i r ,  and 
th e  com bustion o f th e  o rg an ic  m a te r ia l  in  
th e  suspended p a r t i c l e s  occu rs  alm ost 
in s t a n t ly .
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The unburned in o rg an ic  m a te r ia ls  form 
m inute m olten  g lo b u les  a t  a  tem p era tu re  
o f approx im ate ly  2800°F . These g lo b u les  
congeal in to  s p h e r ic a l  p a r t i c l e s  about 75 
m icrons in  d iam eter as th e y  le av e  th e  zone 
o f  h igh  te m p e ra tu re .
Some p a r t i a l l y  burned o rg an ic  p a r t i c l e s  
r e s u l t  and a re  o f a more i r r e g u la r  shape 
and somewhat l a r g e r .  These p a r t i c l e s  a re  
co n sid e red  to  be m ostly  carbon .
A fte r  p a ss in g  th rough  th e  su p e rh e a te r , 
econom izer and p re h e a te r ,  th e  ash  
(c o n ta in in g  b o th  in co m p le te ly  burned and 
unburned p a r t i c l e s )  i s  s e p a ra te d  from th e  
exhaust gas stream  by v a rio u s  m ethods. 
C o lle c tio n  o f f ly a s h  in  s ta c k  gas i s  
u s u a lly  accom plished th rough  th e  use o f 
e l e c t r i c a l  p r e c ip i ta to r s  o r m echanical 
c o l l e c to r s .  \
\
Each power p la n t produces f ly a s h  o f a 
d i f f e r e n t  c h a r a c te r ,  th a t  i s ,  i t  v a r ie s  
i n  p a r t i c l e  s iz e  and chem ical com position . 
These v a r ia t io n s  a re  due to  th e  ty p e  o f 
c o a l ,  tre a tm e n t p r io r  to  com bustion, method 
o f com bustion, amount o f r e c i r c u la t io n  and 
method of c o l le c t io n .
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F in en ess  and carbon co n ten t a re  c r i t e r i a  
fo r  d i f f e r e n t i a t in g  f ly a s h e s 0 
"Loss on Ig n it io n "  i s  a p e rcen tag e  o f the  
t o t a l  f ly a s h  and approx im ate ly  r e p re s e n ts  
th e  carbon c o n te n t . The lo s s  on ig n i t io n  
i s  determ ined  by o x id a tio n , a t  h igh  temp­
e r a tu r e s ,  of th e  o rgan ic  m a te r ia l  in  th e  
f ly a s h .
F in en ess  i s  a  p e rcen tage  o f th e  t o t a l  
f ly a s h  p a ss in g  a  No. 325 s ie v e .
Chemical a n a ly se s  o f  d i f f e r e n t  s iz e  
f r a c t io n s  o f  f ly a s h  in d ic a te  t h a t  th e  non- 
com bustib le  SiC^, and Fe^O^ te n d  to
be c o n ce n tra te d  in  th e  f in e r  f r a c t io n s ,  
w h ile  th e  r e s id u a l  carbon predom inates in  
th e  c o a rse r  p a r t i c l e s .
• ACTION OF LIME-FLYASH ON SOILS (5 )
R eduction o f P l a s t i c i t y
The lim e reduces th e  p l a s t i c i t y  o f a  wet s o i l ,  makes i t  more 
f r i a b l e  and th e  s o i l  i s  d r ie d  r a p id ly  and can th en  be s a t i s f a c t o r i l y  
com pacted. Thus lim e i s  used  on h ig h ly  p l a s t i c  c la y  and v ery  w a te r-  
s e n s i t iv e  s o i l s  such as  lo e s s .  T his i s  though t to  be accom plished 
by a base-exchange r e a c t io n  w ith  s tro n g  calcium  c a tio n s  ( p o s i t iv e ly  
charged) o f  th e  lim e re p la c in g  th e  weaker m e ta l l ic  io n s ,  such as 
sodium and hydrogen on th e  su rfa c e  o f th e  c la y  p a r t i c l e  o r  by a  p ro cess
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whereby a d d it io n a l  calcium  c a tio n s  o f th e  lim e a re  crowded onto th e  
su rfa c e  o f th e  c la y .  Both p ro cesses  m a te r ia l ly  change th e  number o f 
e l e c t r i c a l  charges on th e  su rfa c e  o f th e  c la y  p a r t i c l e .  Because th e  
bond between two c la y  p a r t i c l e s  i s  dependent upon th e  charge and th e  
s iz e  o f th e  io n s , th e  preponderance o f th e  d iv a le n t calc ium  io n s  t h a t  
have re p la c e d  th e  u n iv a le n t io n s  a t t r a c t  th e  s o i l  p a r t i c l e s  to g e th e r .
As t h i s  r e a c t io n  ta k e s  p lace  th e  s o i l  becomes more f r i a b l e  and th e  
p l a s t i c i t y  i s  low ered . T his chem ical re a c t io n  between th e  lim e and th e  
s o i l  ta k e s  p lace  r a p id ly  when th e  m ix tu re  i s  in  th e  lo o se  s t a t e  and i s  
u s u a lly  com pleted w ith in  a few days a f t e r  m ix ing .
C em entitious A ction
Lime by i t s e l f  w i l l  r e a c t  w ith  th e  pozzo lan ic  m a te r ia ls  in  th e  
s o i l ,  such as  th e  c o l lo id a l  s iz e s  o f s i l i c a  and alum ina to  form  a 
slow s e t t in g  cem ent, b u t w ith  th e  a d d it io n  o f F ly ash , an a r t i f i c i a l  
pozzo lan , th e  lim e re a c t io n  i s  f u r th e r  enhanced by th e  fo rm atio n  o f 
a c em en titio u s  m a tr ix  com prising  re a c t io n  p roducts  o f b o th  th e  
calcium  and magnesium io n s  w ith  th e  alum inium , s i l i c o n  and i ro n  
c o n s t i tu e n ts  o f th e  F ly a sh .
PHYSICAL PROPERTIES OF LIME-FLYASH SOIL MIXTURES (*t2)
G eneral
L im e-Flyash in f lu e n c e s  th e  fo llo w in g  p h y s ic a l c h a r a c t e r i s t i c s  o f 
a  s o i l :  g ra in  s iz e  d i s t r i b u t io n ,  s o i l  p l a s t i c i t y ,  volume change, f i e l d  
m o is tu re  e q u iv a le n t, s o i l  p re s s u re , com paction and optimum m o is tu re  
c o n te n t , s tre n g th  and d u r a b i l i ty .
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G rain S ize D is tr ib u t io n
One o f th e  f i r s t  p h y s ic a l changes which ta k e s  p lace  in  a  f in e ­
g ra in e d  s o i l  when lim e -f ly a s h  i s  added, i s  an agglom eration  o r 
f lo c c u la t io n  o f th e  c la y  p a r t i c l e s .  T his produces a c o a rse r  and more 
f r i a b l e  s o i l .  P la s t i c  s o i l s  a lso  te n d  to  agglom erate more th an  s i l t y  
o r  sandy s o i l s .
S o il  P l a s t i c i t y
The a d d it io n  o f l im e - f ly a s h  to  s o i l s  reduces th e  p l a s t i c i t y  and 
sh rinkage  p r o p e r t ie s ,  in  g e n e ra l .  Also th e s e  p ro p e r t ie s  a re  most 
a f fe c te d  in  c lay ey  s o i l s .
The p la s t i c  l im i t  in c re a s e s  and th e  l iq u id  l im i t  norm ally  de­
c re a s e s . However, th e  p la s t i c  in d ex  u s u a lly  d ecreases  re g a rd le s s  
o f  w hether th e  l i q u id  l im i t  in c re a s e s  o r d e c re a se s .
The l iq u id  l im i t  norm ally  d ecrea se s  w ith  th e  a d d itio n  o f lim e - 
' f ly a s h ,  b u t n o t alw ays, as i t  depends on th e  ty p e  of s o i l .  In  
g e n e ra l , b u t n o t alw ays, th e  l i q u id  l im i t  i s  reduced in  th e  more 
p la s t i c  c la y s  and i s  in c re a se d  in  th e  l e s s  p l a s t i c  c la y s .
Volume Change
L im e-flyash  te n d s  to  reduce th e  volume changes t h a t  ta k e  p lace  
in  s o i l s .  As th e  l im e -f ly a s h  co n ten t in  th e  s o i l  in c re a s e s ,  th e  
shrinkage limit increases and the sh rinkage  r a t i o  d e c re a se s . As 
th e  p l a s t i c i t y  index  te n d s  to  drop when th e  l im e -f ly a sh  c o n ten t 
in c re a s e s ,  th e  sh rinkage  l im i t  in c re a s e s ;  and when th e re  i s  l i t t l e  
f u r th e r  change i n  th e  p l a s t i c i t y  index  th e re  i s  l i t t l e  change in  th e  
sh rinkage  l i m i t .
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A d d itio n a l amounts o f l im e -f ly a s h  vri.ll produce d ecreasin g  
volume changes up to  an optimum lim e -f ly a s h . L i t t l e  a d d i t io n a l  
re d u c tio n  in  volume change i s  produced by adding l im e -f ly a sh  in  
amounts l a r g e r  th a n  t h i s  optimum v a lu e . L im e-flyash  has a  g r e a te r  
in f lu e n c e  on red u c in g  volume changes in  s o i l s  t h a t  r e a d i ly  change 
volume w ith  w a ter th an  in  s o i l s  t h a t  o r ig in a l ly  have sm all volume 
changes.
F ie ld  M oisture E q u iv a len t and S o il  P re ssu re
As th e  l im e - f ly a s h  c o n ten t in c re a s e s  in  a p la s t i c  s o i l  th e  
f i e l d  m o is tu re  e q u iv a le n t in c re a s e s .
The p re s su re  produced by s o i l  sw e llin g  in  a  r e s t r a in e d  sample 
w ith  an excess o f w a te r  i s  reduced  m a te r ia l ly  by adding l im e - f ly a s h .
D e f in it io n  of F ie ld  M oistu re  E q u iv a len t
The f i e l d  m o is tu re  e q u iv a le n t o f a  s o i l  i s  d e fin ed  as th e  
minimum m o is tu re  co n ten t a t  which a  drop o f w a te r p laced  on a 
smoothed su rfa c e  o f th e  s o i l  w i l l  n o t im m ediately  be absorbed b u t 
w i l l  sp read  ou t over th e  su rfa c e  and g iv e  i t  a sh iny  appearance .
„ „„ „  w t. o f w aterF.M.E. = —--- --- ----------j - ------ r r  x  100w t. o f oven d r ie d  s o i l
R efer to  A.S.T.M. D426-39.
Compaction -  Optimum M oisture  C ontent and D ensity  '
When compacted w ith  th e  same e f f o r t ,  a l im e -f ly a s h  s o i l  m ix tu re  
has a low er s tan d a rd  AASHO T99 d e n s ity  th a n  th e  o r ig in a l  s o i l  w ith ­
ou t l im e - f ly a s h ; and as th e  lim e -f ly a s h  c o n ten t in c re a s e s  th e  d e n s ity  
ten d s  to  d ecrease  even m ore. The d ec rea se  in  u n i t  w eight i s  sm all 
and averages about 2%% f o r  most s o i l s .
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As lim e - f ly a s h  i s  added to  a  s o i l  th e  optimum m oistu re  c o n ten t
te n d s  to  in c re a s e .  U sually  th e  i n i t i a l  in c re a s e  i n  m o istu re  co n ten t
is: r a th e r  s ig n i f i c a n t  up to  25% in c re a s e  o f  m o istu re  c o n te n t, even when 
sm a ll amounts o f  l im e - f ly a s h  a re  u sed . However, once th e  i n i t i a l  
in c re a s e  in  optimum m o istu re  c o n ten t ta k e s  p la c e , a d d i t io n a l  l im e - f ly a s h
produces on ly  a  s l i g h t  in c re a s e  i n  th e  optimum m oistu re  c o n te n t .
Compaction o f  a  lim e -fly ash . s o i l  m ix tu re  i s  in f lu e n c e d  by th e  type
o f  lim e . S o i ls  w ith  qu ick lim e u s u a lly  have a  s l i g h t l y  h ig h e r  optimum
m o istu re  c o n ten t th a n  s o i l s  w ith  h y d ra ted  lim e . I t  i s  b e t t e r  to  compact
on th e  d ry  s id e  o f  th e  optimum m o is tu re  c o n ten t th a n  on th e  wet s id e .
Unconfined Compressive S tre n g th
Unconfined Compressive S tre n g th  i s  a f f e c te d  by th e  Degree o f  
Compaction, M oistu re  C ontent f o r  Compaction, Time o f  M ixing, Curing 
T:ime and Tem perature, E a tio  o f  Lime to  F ly a sh , Amount o f  L im e-F lyash ,
Kind o f  Lime a n d 'F ly a sh , Calcium C h lo ride  A d d itiv e . , •
Degree o f  Compaction 
The d e n s ity  o f  a  s o i l  ten d s  to  d ecrease  w ith  in c re a s in g  amounts 
o f  l im e - f ly a s h .  However, th e  s t r e n g th  i s  n o t low ered . For example, you 
cou ld  have a  s o i l  w ith  no l im e - f ly a s h  w ith  a  s ta n d a rd  P ro c to r  u n i t  w eight 
o f  120 p c f .  and a  com pressive s t r e n g th  o f  80 p s i .  The same s o i l  w ith  
lim e  and f ly a s h  added could have a  low er P ro c to r  u n i t  w e ig h t, say  o f 
p c f .  and a  com pressive s t r e n g th  o f  1^0 p s i .  Of course  t h i s  would depend 
on th e  amount o f  lim e  and f ly a s h  added.
T here fo re  l im e - f ly a s h  m ix tu res  sire one m a te r ia l  to  wlu.cn th© 
g e n e ra l tho u g h t "when th e  d e n s ity  in c re a s e s  th e  s t r e n g th  a ls o  in c re a s e s "  
does n o t alw ays a p p ly . I t  u s u a l ly  a p p l ie s ,  though, i f  a t
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the same lime-flyash content additional compactive effort is used to 
produce higher densities, .
If, for example, the soil above with lime-flyash added, had been 
compacted with a greater compactive effort to 120 pcf., the compressive 
strength may well have been 280 psi.
Lime-flyash mixtures then usually have substantially higher 
strengths when they are compacted to a higher density with a greater 
compactive effort.
Moisture Content for Compaction
Maximum compressive strength is obtained with a moisture content 
equal to or slightly less than optimum moisture for maximum dry density. 
Therefore it is better to compact on the dry side of optimum moisture 
content than on the wet side.
Time of Mixing
An intimate mixing of the water and solids is necessary for 
maximum utilization of the cementing properties of lime and flyash.
Since the lime and flyash reaction is slow, prolonged mixing is not 
objectionable; in fact, increasing the mixing time, say from 2 to 8 
minutes in a mechanical mixer will increase the unconfined compressive 
strength.
Curing Time
Because of the slow rate of reaction between lime and flyash, 
it is known that increased time of curing improves the strength of 
lime-flyash stabilized soils under normal curing conditions; in fact, 
they will still gain in strength over a year old.
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Curing Temperature
Elevated temperatures during curing greatly increase the 
compressive strengths of lime-flyash stabilized soils. Therefore, 
lime-flyash stabilized roads should be constructed during the hot 
season.
Ratio and Amount of Lime to Flyash
Many soils have an optimum ratio of lime to pozzolan, whereas 
other soils develop approximately the same strength over a wide range 
of lime to pozzolan ratios.
In general, flyash used in ratios of 1:9 to 2:8 by weight of 
lime to flyash has been found to be satisfactory.
For a specific lime-flyash ratio, strengths tend to increase 
as the amount of lime-flyash is increased. Greater strengths can be 
obtained, though, by correctly adjusting the lime-flyash ratio than 
can be obtained by increasing the amount of lime-flyash. The rate of 
reaction of the lime with the pozzolan is not an indication of the 
strength that will be developed when the mixture is used with a soil.
Kind of Lime and Flyash
As both lime and flyash have variable properties, it would seem 
likely that the kind of lime and flyash used would be important vari­
ables in lime-flyash stabilization of soils.
From the small amount of work done on this phase of the subject, 
it appears that there are small differences in the compressive strength 
obtained; and that dolomitic monohydrate lime gives higher strengths 
than calcitic lime; and the flyash with the higher silica content gives
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higher strength,,
Calcium Chloride Additive
Calcium Chloride in an amount of approximately 1% by weight of dry 
lime-flyash-soil mixture is beneficial and increases the unconfined 
compressive strength of the mixture„
It appears that clayey soils are benefitted most, (sometimes 
up to 100% gain in strength) with sands next and silts the least„ (4l)
Durability
Durability is measured by the wet-dry and freeze-thaw tests, 
and is based on standard criteria, usually the Portland Cement 
Association criteria for durability which state:
1« Soil cement losses during 12 cycles of either 
wet-dry or freeze-thaw test by the ASTM. AASHO 
methods shall be within the following limits:
Soil Group Soil Cement Loss
A-l-a, A-l-b, A—3, A-2-4, A-2-5 not more than 14$
A-2-6, A-2-7, A-4, A—5, not more than 10$
A-6, A-7-5, A-7-6 not more than 7$
2. Maximum volume changes during either the wet-dry or 
freeze-thaw test shall not exceed the volume at the 
time of molding toy more than Z%.
3. Maximum moisture content during either the wet-dry or 
freeze-thaw test shall not exceed that quantity that will 
completely fill the voids of the specimen at the time of 
molding.
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4o Compressive strengths -shall increase with age and 
cement content in ranges of those producing results 
meeting requirements 1, 2 and 3 above.
If lime-flyash soil mixtures are compacted to near standard 
Proctor density, and moist cured at near 100$ relative humidity 
and 70°F. for 7 and 28 days, they do not meet the present durability 
criteria for soil cement. However, further work needs to be done on 
the development of a more realistic test for resistance to the effects 
of freezing-and-thawing and wetting-and-drying.
However,, if lime-flyash soil mixtures are compacted to a density 
greater than standard Proctor density and by curing at a temperature 
near 140°F., the resistance to freezing-and-thawing and wetting-and- 
drying can be greatly improved.
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CHAPTER VI 
LABORATORY EXPERIMENTS
GENERAL
The author had experimented, on a field scale, with both cement- 
soil and salt-soil stabilization over the past five years. It had been 
found difficult to compare one with the other, since the two types of 
stabilization were carried out on widely separated roads where the sub­
grades, types and amount of traffic, drainage, etc., varied to a 
considerable extent. This project, therefore, presented a good oppor­
tunity to try the different materials for stabilization where they 
would be under the same conditions of traffic and on the same subgrade, 
so that a more accurate comparison could be made.
As salt (NaCl) is mined in Essex County this is one of the reasons 
why it has been used extensively for soil stabilization in the County. 
It was originally intended to compare only the salt and cement stabil­
ization processes. This was later expanded, however, to include lime- 
flyash stabilization when it was learned that flyash was available from 
the Ontario Hydro Electric Power Commission's Generating Station in 
Windsor. (The J. Clark Keith Plant).
The programme therefore includes three different basic types of 
soil stabilization. Varying proportions of materials were used for 
each of the stabilizing processes. In all, ten different mixes were 
investigated as follows:
56
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Cement Stabilization 
Mix No. 1 
Mix No. 2 
Mix No. 3
3|-$ Cement 
3% Cement 
6g$ Cement
Salt (NaCI) Stabilization
Mix No. 1 - 1-1/3$ Salt
Mix No. 2 - 2$ Salt
Lime-Flyash Stabilization 
Mix No. 1
Mix No. 2 
Mix No. 3 
Mix No. 4 
Control Section
3% High Calcium 
Lime - 10$ Flyash
3% Dolomitic Lime - 
10$ Flyash
4.5$ High Calcium 
Lime - 15$ Flyash
4g$- Dolomitic Lime - 
15$ Flyash
96.5$ Aggregate 
95.0$ Aggregate 
93.5$ Aggregate
98.6^ Aggregate 
98$ Aggregate
87$ Aggregate 
87$ Aggregate 
80.5$ Aggregate 
80.5$ Aggregate
This consisted of using the County Pit Windrow Material;
the sieve analysis is given on Page 83.,
Note: Percentage is based on weight of maximum dry density.
CHOICE OF MIX PROPORTIONS
Achievement of maximum density is considered fundamental in 
soil-cement mixtures. This means that each soil or aggregate will 
have an optimum cement content for maximum density. With a knowledge 
of the grading of the aggregate to be used, it is possible to estimate 
fairly closely what the optimum cement content will be for that 
aggregate. For the aggregate used in this project, it was estimated 
that the optimum cement content would be 5$. Moisture-density
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laboratory tests were therefore conducted at cement content of 
as well as at cement contents of 1Yz # above and below the level.
The maximum density for the soil-cement mixes was obtained with the 
5% cement content. However it was considered desirable to include 
the other mixes in the programme to ascertain how they would stand up 
in the field.
In the case of the salt (NaCl), studies carried out previously 
with the aggregate being used in this project indicated that the max­
imum density occurred at 1-1/3% salt; but it was also decided to 
include a mix with a 2% salt content in the programme to take care of 
possible leaching of the salt from the mix over a period of years.
The lime-flyash percentages used were based on what other author­
ities had tried in the field with success. (1, 2) In these mixes it
was deemed desirable to include both Calcitic and Dolomitic limes as ..
there is some controversy as to which is the more desirable for this 
type of application.
A summary of the laboratory experiments to obtain the maximum 
density and optimum water content is shown in Table VI.
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TABLE VI
MAXIMUM DENSITIES AND OPTIMUM WATER CONTENTS
Location
Maximum
Stabilization Materials Dry Density 
. and Proportions * (P.C.F.)
Optimum 
Water Content 
($)
Thickness of 
Stabilization 
(Inches)
Cement
Sta 48 + 80 to Sta 88 + 00 and
Sta 128 + 00 to Sta 143 +00 5$
Sta 118 + 00 to Sta 121 + 00 6j$
Sta 121 + 00 to Sta 128 + 00 3s$
Aggregate
95$
93-5$
96.5$
134.7
132.7 
132.5
8.9
8.75
9.0
6
6
6
Salt Aggregate
Sta 88 + 00 to Sta 98 + 00 1-1/3% 98.7$ . 131.9 8.3 12
Sta 98 + 00 to Sta 104 + 00 2% 98$ 131.7 8.3 12
Sta 104 + 00 to Sta 108 + 00 1-1/3% 98.7 131.9 8.3 6
Lime Flyash Aggregate
Sta 108 + 00 to Sta 110 + 00 3% Hi Calcium 1Q$ 87$ 127.1 9.2 6
Sta 110 + 00 to Sta 111 + 00 3% Dolomitic 10$ 87$ 127.1 9.2 6
Sta 111 + 00 to Sta 113 + 00 4j$ Hi Calcium 15$ 80.5$ 126.5 8.9 6
Sta 113 + 00 to Sta 114 + 00 4t;$ Dolomitic 15$ 80.5$ 126.5 8.9 6
Sta 114 + 00 to Sta 118 + 00
Aggregate
100$ 130.5 8 .1 12
Percentage by weight of maximum dry density.
vnvO
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The c h ie f  req u irem en ts  o f s t a b i l i z e d  s o i l  m ix tu res  i s  t h a t  th ey  
w ith s tan d  exposure to  th e  elem ents and p o ssess  adequate s t r e n g th .
Hence, to  e v a lu a te  th e  r e l a t i v e  m e rits  o f c e m e n t-so il , l im e -f ly a s h  
s o i l  and s a l t - s o i l ,  th e  fo llo w in g  la b o ra to ry  t e s t s  were conducted on 
a l l  m ixest
1 . Freeze-Thaw -  ASTM D 560-57
2 . Wet-Dry -  ASTM D 559-57
3 . Compression T e s t.
In  a d d it io n  to  th e  s t r a ig h t  e v a lu a tio n  o f th e  r e l a t i v e  m e rits  of 
th e  th r e e  b a s ic  ty p es  o f s t a b i l i z a t i o n ,  i t  was p o ss ib le  to  in v e s t ig a te  
a  number o f s id e  i s s u e s ,  i . e .
1 . Maximum d e n s i t ie s  o b ta in a b le  w ith  g ra n u la r  S a lt  as 
compared w ith  s a l t  s o lu t io n .
2 . E f fe c t  o f d ry in g  ou t p e rio d  on th e  com pressive s tre n g th  
o f  s a l t  s t a b i l i z e d  s o i l .
* 3- E f fe c t  o f m o is tu re  on com pressive s tre n g th s  o f  cement 
s o i l  and f ly a sh - lim e  s o i l  specim ens.
FREEZE-THAW EXPERIMENT
Specimens o f 4" d iam eter by 4 .6 ” h igh  o f cement and lim e -f ly a s h  
were made up by using  th e  maximum d e n s i t i e s  and optimum w ater co n ten ts  
as  shown i n  Table VI, C hapter VI,f m o ist cu red  a t  100$ hum id ity  f o r  7 
days a t  7 0 °F ., and th e n  su b je c te d  to  12 c y c le s  o f f r e e z in g  and thaw ing, 
a l l  acco rd in g  to  ASTM S tandard  Method D-560-57.
A d d itio n a l specim ens o f l im e -f ly a s h  were a ls o  m o ist cu red  fo r  7 
days a t  100$ h u m id ity , b u t . a t  140°F. and th e n  t e s t e d .
The r e s u l t s  a re  as  shown i n  Table V II.
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TABLE VII 
FREEZE-THAW RESULTS
$ of Additive 
in Mixture
Curing
Temperature
Soil Additive Loss Condition of Specimen
$ by Weight of 
Oven Dried Soil Scaling Cracking Hardness
3g$ Cement 70°Fo 5.5$ (4) * Slightly No Hard
5$ Cement 70°F. 1.82$ (4) No No Hard
6|$ Cement 70°F. 1.57$ (4) No No Hard
3% Hi Calcium Lime + 10$ Flyash 70°F. Over 90$ (4) A great 
deal
Yes Very Soft
3% Dolomitic Lime + 10$ Flyash 70°F. Over 90$ (4) A great 
deal
Yes Very Soft
4g$ Hi Calcium Lime + 15$ Flyash 70°F. Over 90$ (4) A great 
deal
Yes Very Soft
4g$ Dolomitic Lime + 15$ Flyash 70°F. Over 90$ (4) A great 
deal
Yes Very Soft
3$ Hi Calcium Lime +- 10$ Flyash 140°F. 4.31$ (3) Slightly No
Medium
Hard
4g$ Hi Calcium Lime + 15$ Flyash 140°F. 3.42$ (3) Slightly No
Medium
Hard
* Number in bracket denotes number of specimens tested.
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It can be seen that the cement-soil specimens performed much 
better than the lime-flyash-soil nixes, showing no cracking and only- 
slight scaling. This, of course, would be expected for this type of 
test. Note that because of the slower rate of strength development 
for the lime-flyash mixes (as compared with cement) additional lime-
flyash specimens were made up and cured at 140°F. for one week before
testing. These specimens performed much better than those cured at 
70°F., showing no cracking and only slight scaling.
The h ig h e r cement co n ten t (5% and 6%%) mixes perform ed somewhat 
b e t t e r  th an  th e  3 cement m ix, th e  l a t t e r  showing s l ig h t  s c a l in g .
WET-DRY EXPERIMENTS
Specimens o f  4" d iam eter by 4 .6 "  h igh  o f cement and l im e -f ly a sh  
were made up s im ila r  to  th e  Freeae-Thaw specimens and t e s t e d  accord ing  
to  A.S.T.M. S tandard  Method D 559-57.
The results are as shown in Table VIII.
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TABLE VIII 
WET-DRY RESULTS
$ of Additive Curing Soil Additive Loss % by Weight of 
Oven Dried Soil
Condition of Specimen
in Mixture Temperature Scaling Cracking Hardness
32$ Cement 70°F. 3% (2) * Slightly No Hard
5$ Cement 70°F. 1.9% (2 ) No No Hard
65$ Cement 70°F. 1.5% (2 ) No No Hard
3$ Hi Cal Lime + 10$ Flyash 70°F. 16.4$ (2)
A great 
deal
No . Soft
3% Dolomitic Lime + 10$ Flyash 70°F. 16.4$ (2 ) A great deal No Soft
hz% Hi Cal Lime + 15$ Flyash 70°F. 20.9$ (2 ) A great deal No Soft
4s$ Dolomitic Lime +• 13% Flyash 70°F. 3 .02 (2 ) Slightly No MediumHard
3% Hi Cal Lime + 10$ Flyash 140°F. 7.35$ (2 ) Slightly No
Medium
Hard
4jj$ Hi Cal Lime + 13% Flyash 140°F. 7 .66$ (2 ) Slightly No Medium
Hard
* Figure in bracket denotes number of specimens tested.
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In the wet-dry tests it can be seen that the cement-soil mixes 
performed better than the lime-flyash mixes, and again the higher 
temperature curing greatly improved the performance of the lime- 
flyash mixes.
The dolomitic lime in the 4j$ mix performed better than the 
equivalent calcitic lime mix, showing only slight scaling and pro­
ducing a harder specimen.
COMPRESSION TEST
Specimens of 4" diameter by 4.6ir high of salt, cement and 
lime-flyash were molded from maximum dry densities and optimum water 
contents and tested as shown in Table IX.
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TABLE IX 
COMPRESSIVE STRENGTHS
% of Additive 
in Mixture Curing Period
Compressive
Strength Remarks
34$ Cement 7 .days Moist Cure @ 70°F. 457 psi (2) *
3% Cement 7 days Moist Cure @ 70°F. 752 psi (2 )
64$ Cement 7 days Moist Cure @ 70°F. 1098 psi (2 )
34$ Cement 28 days Moist Cure @ 70°F. 492 psi (2 )
5% Cement 28 days Moist Cure © 70°F. 857 psi (2 )
64$ Cement 28 days Moist Cure @ 70°F. 1178 psi (2 )
34$ Cement 7 days Moist Cure @ 70°F. 1545 psi (2) A
34$ Cement 7 days Moist Cure @ 70°F. 535 psi (1) B
5% Cement 7 days Moist Cure @ 70°F. 2265 psi (2 ) A
3% Cement 7 days Moi st Cure @ 70°F. 878 psi (1 ) B
6 5$ Cement 7 days Moist Cure © 70°F. 3060 psi (2 ) A
64$ Cement 7 days Moist Cure @ 70°F. 1120 psi (1) B
34* C ement 7 days Moist Cure @ 70°F. 1137 psi (2 ) C
34$ Cement 7 days Moist Cure @ 70°F. 516 psi (2 ) D
3% C ement 7 days Moist Cure © 70°F. 1995 psi (2) C
3% Cement 7 days Moist Cure @ 70°F. 1140 psi (2) D
64$ Cement 7 days Moist Cure ® 70°F. 3320 psi (2 ) C
64* Cement 7 days Moist Cure @ 70°F. 1408 psi (2 ) D
3$ Hi Cal Lime
+ 10$ Flyash 7 days Moist Cure 
3% Dolomitic Lime
+ 10% Flyash 7 days Moist Cure <£ 
3% Hi Cal Lime
+ 10$ Flyash 28 days Moist Cure
3% Dolomitic Lime
+ 10$ Flyash 28 days Moist Cure 
Ui% Hi Cal Lime
+ 15$ Flyash 7 days Moist Cure <§ 
44$ Dolomitic Lime
+ 15$ Flyash 7 days Moist Cure <&
S 70°F. 
70°F. 
i 70°F. 
i 70°F. 
70°F. 
70°F.
65 psi (2 ) 
65 psi (2) 
125 psi (2) 
191 psi (2 ) 
122 psi (2) 
107 psi (2)
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TABLE IX  -  COMPRESSIVE STRENGTHS - Continued
$ o f A dditive 
in  M ixture Curing P e rio d
Compressive 
.,»S tren g th Remarks
4 t$  Hi Cal Lime 
+ 15% F lyash  28 days M oist Cure © 70 F. 
Uz% D olom itic Lime
+15%  F lyash  28 days M oist Cure @ 70 F .
182 p s i  (2 ) 
241 p s i  ( 2 )
3% Hi Cal Lime 
+ 10% Flyash 
kz% Hi Cal Lime 
+ 15% Flyash
3% Hi Cal Lime 
+ 10% Flyash 
4i>$ Hi Cal Lime 
+ 15% Flyash
3% Hi Cal Lime 
+ 10% Flyash 
3% Hi Cal Lime 
+ 10$ Flyash 
3% Dolomitic Lime 
+ 10$ Flyash 
3$ Dolomitic Lime 
+ 10$ Flyash 
4^$ Hi Cal Lime 
+ 1$$ Flyash 
4g$ Hi Cal Lime 
+15$ Flyash 
4i$ Dolomitic Lime 
+ 15$ Flyash 
4^$ Dolomitic Lime 
+ 15$ Flyash
3$ Hi Cal Lime 
+ 10$ Flyash 
3$ Hi Cal Lime 
+ 10$ Flyash 
3$ Hi Cal Lime 
+ 10$ Flyash 
3$ Hi Cal Lime
+ 10$ Flyash-
7 days M oist Cure @ 140°F. 957 p s i (2 ) Rapid Cure
7 days M oist Cure @ 140°F . 1333 p s i ( 2 ) Rapid Cure 
( D ried fo r
7 days M oist Cure @ 140°F. 910  p s i (1 ) ( 4  h r s .  @ 230  
( and th en
7 days M oist Cure @ 140°F. 1480 p s i ( 1 ) ( t e s t e d
7 days M oist Cure @ 70°F. 898  p s i (2 ) A
7 days M oist Cure @ 70°F. 354 p s i ( 1 ) B
7 days M oist Cure © 70°F. 922  p s i ( 2 ) A
7 days M oist Cure @ 70°F. 361  p s i (1 ) B
7 days M oist Cure © 70°F. 930 p s i ( 2 ) A
7 days M oist Cure @ 70°F. 404 p s i (1 ) B
7 days Moi s t  Cure @ 70°F. 1664 p s i (2 ) A
7 days M oist Cure @ 70°F. 845 p s i (1 ) B
7 days M oist Cure @ 140°F. 1020  p s i (2 ) C .
7 days M oist Cure @ 140°F. 653 p s i (1 ) D
7 days M oist Cure @ 140°F„ 1323 p s i ( 2 ) A
7 days Moist Cure @ 140°F . 597 p s i (1 ) B
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TABLE IX - COMPRESSIVE STRENGTHS - Continued
$ o f A dd itive  
in  M ixture Curing P e rio d
Compressive
S tren g th Remarks
Hi Cal Lime 
+ 15$ F lyash 7 Days ■Moist Cure @ 140°F. 1732 p s i (2 ) C
4s$ Hi Cal Lime 
+ 15$ F lyash 7 days M oist Cure <8 140°F. 1118 p s i (1 ) D
4s$ Hi Cal Lime 
+ 1 5 $  F lyash 7 days Moi s t Cure @ 140°F. 1638 p s i ( 2 ) A
4 i  Hi Cal Lime 
+ 1 5 $  F lyash 7 days M oist Cure @ t—1 ■t- o o • 963 p s i (1 ) B
1 -1 /3 $  S a lt 7 days M oist Cure @ 70°F. 8 p s i ( 2 )
2$ S a lt 7 days M oist Cure @ 70°F. 9 p s i (2 )
1 -1 /3 $  S a lt. 28 days M oist Cure @ 70°F. 81 p s i
(
( 2 )(
Specimens 
were a i r
2% S a l t 28 days M oist Cure @ 70°F. 50 p s i
( d r ie d  f o r  
( 48  hours b e -  
(2 ) (  fo re  being
"■ ( t e s t e d
*  F ig u res  in  b ra c k e ts  denote number o f specimens te s t e d .  
£  In  Remarks, code l e t t e r s  denote  as  fo llo w s:
A T ested  a f t e r  .12 c y c le s  o f W etting-D rying 
Oven d r ie d  a t  230 F.
B >** T ested  a f t e r  12 c y c le s  o f W etting-D rying
Oven d r ie d  and th e n  soaked fo r  4 hours in  w a ter b a th .
C = T ested  a f t e r  12 c y c le s  o f  Freezing-Thaw ing 
Oven d r ie d  a t  230 F .
D = T ested  a f t e r  12 c y c le s  o f Freezing-Thaw ing
Oven d r ie d  and th e n  soaked f o r  4 hours in  w a ter b a th .
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ft c o n s id e ra b le 'ra n g e  in  com pressive s tre n g th  i s  in d ic a te d  fo r  
th e  th re e  so il-cem en t m ixes’w ith  an average o f 457  p s i  fo r  th e  
cem ent, 752  p s i  f o r  th e  5% cement and 1098  p s i  fo r  th e  cem ent.
Thus, a lthough  th e  5% cement mix produced th e  g r e a te s t  d e n s i ty , th e  
h ig h e r cement c o n ten t mix produced a much h ig h e r s tr e n g th .
As would be expected  th e  l im e - f ly a s h - s o i l  mixes su b jec te d  to  
70°F. cu rin g  produced much low er s tre n g th s  th an  th e  c em e n t-so il 
m ixes, rang ing  from 65 p s i  fo r  th e  3% lim e mixes a t  7 days to  241 
p s i  f o r  th e  lim e mixes a t  28 days. However, when th e  l im e - f ly a s h -  
s o i l  mixes were m oist cured  a t  140°F. f o r  7 days, s tre n g th  le v e l s  were 
b rought up to  and g r e a te r  th a n  th o se  e x h ib ite d  by th e  c em e n t-so il 
m ixes. For example, th e  lim e , 13% f ly a s h  mix produced an average 
7 day s tre n g th  o f 1333 p s i  fo r  th e  140°F. cu rin g  c o n d itio n .
As would be ex p ec ted , th e  s a l t - s o i l  specimens e x h ib ite d  low 
com pressive s t r e n g th s ,  averag ing  9 p s i  f o r  7 days and 50 to  80 p s i 
f o r  28 days.
The com pressive s tre n g th  t e s t s  run  on specimens a f t e r  th e  Wet-Dry 
and Freeze-Thaw t e s t s  were com pleted produced some in te r e s t in g  r e s u l t s .  
F i r s t ,  i t  can be seen th u t  th e  12 c y c le s  o f b o th  th e  Wet-Dry and F ree z e - 
Thaw t e s t s  seem to  have had l i t t l e  e f f e c t  on th e  com pressive s tre n g th  
l e v e l s  of th e  so il-cem en t m ix tu re s . The s tre n g th  le v e l s  o f a l l  sp e c i­
mens te s t e d  a f t e r  com pletion  of th e  Wet-Dry and Freeze-Thaw t e s t s  were 
s l i g h t ly  h ig h e r th a n  f o r  th e  specimens t e s t e d  im m ediately  a f t e r  7 days 
m oist cu rin g  @ 70°F. T his i s  a lso  t r u e  to  a much g re a te r  e x te n t f o r  
a l l  th e  l im e - f ly a s h - s o i l  m ixes where th e  s tre n g th  le v e l s  e x h ib ite d  
a f t e r  com pletion  o f th e  Wet-Dry and Freeze-Thaw t e s t s  were much h ig h e r
■\ V
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th an  th o se  e x h ib ite d  a f t e r  7 days o f m o ist c u r in g .
Another in te r e s t in g  r e s u l t  n o ted  i s  th e  d if fe re n c e  in  s tre n g th  
le v e l s  e x h ib ite d  by specim ens oven d r ie d  a t  230°F. a s  compared w ith  
th o se  soaked f o r  4 hours i n  a  w a te r b a th .  A fte r  com pletion o f th e  
Wet-Dry and Freeze-Thaw t e s t s ,  two specim ens from each mix were oven 
d r ie d  a t  230°F. b e fo re  b e ing  su b je c te d  t o  th e  com pression t e s t ,  w h ile  
th e  t h i r d  specimen was soaked f o r  4 hours b e fo re  s u b je c tio n  to  th e  
com pression t e s t .  I t  can be seen th a t  i n  a l l  c a se s  th e  com pressive 
s tre n g th  o f  th e  oven d r ie d  c em e n t-so il and l im e - f ly a s h - s o i l  specim ens 
reached  le v e l s  two to  th re e  tim es as  h igh  as  th e  soaked specim ens.
SALT vs SALT IN SOLUTION
In  o rd e r to  determ ine w hether adding th e  s a l t  i n  g ra n u la r  form 
o r in  s o lu tio n  has any e f f e c t  on th e  d e n s i ty ,  a  s e r ie s  o f  t e s t s  was 
c a r r ie d  o u t ,  th e  range o f s a l t  v a ry in g  from 0 $  to  6#, w ith  the
U--1
fo llo w in g  r e s u l t s s
Maximum Dry D ensity  Optimum M oistu re  C ontent 
1-1/3%  S a l t  131.9 p . c . f .  8 .3$
4 -1 /3 #  S a l t ( i n  S o lu tio n )  134 .8  p . c . f .  7 .0#
These a re  o b ta in ed  by p lo t t in g  a graph as  shown in  F ig u re  4
The p o in ts  on th e  graph a re  o b ta in ed  by m a in ta in in g  th e  s o i l  and s a l t
c o n s ta n t f o r  any p e rcen tag e  o f s a l t  and by vary in g  th e  amount o f w a ter 
above and below th e  optimum u n t i l  a  maximum d e n s ity  i s  reach ed . Of 
co u rse , th e  m a te r ia l  i s  compacted each tim e  by thB S tandard  P ro c to r 
Method.
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A possible explanation of the increased density using the salt 
in solution could be that in the case of the straight granular salt 
being added to the soil, the salt generally would not all go into 
solution at the time of preparing the specimens. Hence, the un­
dissolved salt would occupy more space than an equivalent dissolved 
salt, resulting in lower density.
Although adding the salt in solution form, increases the density 
obtainable for a given compaction, it is felt that the increased amount 
of salt required to produce the higher density is not warranted for 
the sake of the 3 lbs. per cu. ft. higher dry density achieved.
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After 12 cycle© of Wet-Dry 
Specimens moist cured 7 days @ 70®F. 
Left Three - Cement 6*M, 5%s 3  &%• 
Others -  3 % Lisae; 10$ Flyash.
; ' \lvV
IStfSeWipliiPSlISS®!!
After 12 cycles Freeze-Thaw 
Specimens moist cured for 7 days © 70*F* 
Cement at 5$ St 6fz % on the left.
Lime at 3% and Flyash at 10$ on the right.
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After 12 cycles Wet-Dry 
Specimens were k  W  Lisse; l W  flyash 
Srfcreme Left-Moist cured for 7 days © l40®F. 
Others - Moist cured for 7 days % 70 ®F.
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After 12 cycles Freese-Shaw 
Specimens were 4 }%& Lime; 15$ Flyash 
Left-Moist cured for 7 days @ 1^0®F. 
Sight-Moist cured for 7 days @ 70®F.
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Curias Speciffieas ±a Moist Boom
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Freezing Speciro&s i» Freezer
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER V II 
FIELD STABILIZATION PROJECT ON RIDGE ROAD
LOCATION:
Ridge Road i s  a  County Road, in  th e  County o f E ssex , O n tario  
Canada. I t  i s  about two m ile s  s o u th -e a s t  o f  Harrow, O n ta rio . I t  
l i e s  between K in g 's  Highway IB and K in g 's  Highway ISA, and i s  about 
2§ m ile s  lo n g . I t  i s  in  C oncession I  o f  C o lch es te r South Township, 
th e  h e a r tla n d  o f Essex C oun ty 's  e a r ly  v e g e ta b le  a re a , (See Key 
P lan  on F ig u re  5 fo r, L o c a tio n .) ..........
EXTENT OF PROJECT
v
In  1962, th e  p o r tio n  o f th e  road  from K in g 's  Highway 18, s o u th e r ly
V
3700 f e e t ,  was s t a b i l i z e d  w ith  cement and paved w ith  1^ in ch es  o f Hot 
L a id , Department o f Highways f o r  O n ta rio , C lass  3 ,  Bitum inous C oncrete 
Pavement.
In  1964, th e  p o r tio n  o f th e  ro ad  from  S ta t io n  48 + 80 to  S ta t io n  
143 + 00 (K in g 's  Highway ISA) was s ta b i l i z e d  w ith  d i f f e r e n t  s t a b i l i z in g  
ag en ts  and th en  paved w ith  a Bitum inous Pavement.
GEOMETRIC STANDARDS OF THE ROAD
1961 Average D aily  T ra f f ic  
1981 Average D aily  T r a f f ic  (D esign Year)
Type o f T r a f f ic  
R ight-of-W ay Width 
Maximum G rad ien t
76
595 
1625 
Mixed 
66 F ee t 
1,03%
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S urface  Type 
S urface  Width 
Shoulder Width 
D rainage .
Dense Graded B itum inous•
22 F ee t 
8 F ee t
Due to  th e  sandy n a tu re  o f  th e  
a re a ,  and th e  d i f f i c u l t y  o f 
m a in ta in in g  open d i tc h e s ,  d ra in ­
age from th e  road  i s  tak en  ca re  
o f by F ie ld  T ile  and Catch W ater 
B as in s , excep t a t  th e  extreme 
sou th  end where i t  proved d i f f i ­
c u l t  to  o b ta in  s u f f i c i e n t  grade 
to  i n s t a l l  t i l e .  Due to  th e  
f l a tn e s s  o f th e  a re a ,  a  t i l e  grade 
o f 0 .13$  was tho u g h t to  be good.
(See T y p ica l C ro ss-S ec tio n  Drawing on F ig u re  )
SUBGRADE SOIL
From S ta t io n  48 +80 to  S ta t io n  60 + 00 th e  subgrade s o i l  i s  known 
as B errien  Sandy Loam, w h ile  from S ta t io n  60 + 00 to  S ta t io n  143 + 00 
th e  subgrade s o i l  i s  known a s  Fox Sandy Loam.
B errien  Sandy Loam and Fox Sandy Loam a re  th e  O ntario  Department 
o f A g ric u ltu re  and Dominion o f Canada Department o f  A g ric u ltu re  te rm in ­
ology f o r  th e  s o i l s .  By AASH0 C la s s i f i c a t io n ,  bo th  s o i l s  would be 
A-3 (0 ) .
V\
\
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SIEVE ANALYSIS
Berrien Sandy Loam
Sieve No. % Passing
30 99 .0
40 96 .0
50 89 .1
100 23 .5
140
200 4 .5
Fox Sandy Loam
Sieve No. ■ % Passing
30 95.2
40 9 0 .0
50 S I . 5
100 14 .6
140 5.7
200 4 .2
Specific Gravity
Berrien Sandy Loam 
Fox Sandy Loam
Maximum Dry Density - by Standard Proctor Test
(5^ lbs dropping 12 inches)
Berrien Sandy Loam 
Fox Sandy Loam
2 .74
2.65
111.5 P.C.F, 
110.3 P.C.F.
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Maximum Wet D ensity
B errien  Sandy Loam 124.9 P .C .F .
Fox Sandy Loam 122.8 P .C .F .
Optimum M oisture C ontent
B e rrie n  Sandy Loam 12$. v
Fox-Sandy Loam 11$
In  May 1964, F ie ld  D ensity  T es ts  were c a r r ie d  ou t on th e  subgrade 
of th e  road  a t  a depth  in  f i l l  s e c tio n s  where th e  bottom  o f th e  base 
would b e , and in  c u t s e c tio n s  a t  a  depth  where sound subgrade c o n d itio n s  
were encoun tered . Cut s e c tio n s  e x is te d  o n ly  from S ta t io n  49 + 00 to  
S ta t io n  64 + 00 where about two f e e t  o f to p  s o i l  was removed from th e  
o ld  road  and re p la c e d  w ith  c le a n  g ra n u la r  f i l l  su p p lied  from th e  County 
G ravel P i t .
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TABLE X
SUBGRADE - FIELD DENSITIES
S ta tio n
¥ e t  
D ensity  
lb s /c u  f t
Dry 
D ensity  
lb s /c u  f t
M oisture
C ontent
S o il
%
%
Compaction
P e n e tra tio n  
T est 
lb s / s q  in
Depth to  Water Tab; 
from New Grade-
S ta  50 + 00 None
41* from eas t R o f W 118.3 97 .5 *21.6 95.0 Obtained 44 in ch es
S ta  60 + 00
26 ' from eas t R o f ¥ 124 .0 112.2 10.45 99.4 816 6 l in ch es
S ta  70 + 00
411 from eas t R o f W 110.5 102 .8  , 7 .71 90.01 570 89s inches
S ta  80 + 00
29 ' from eas t R o f ¥ 1 0 9 .8 104.0 5.72 89.5 710 )
S ta  9 0 + 0 0
36 ' from e as t R of ¥ 111 .2 1 0 5 .6 5.37 90 .06 1413 )
S ta  100 + 00 None
38* from eas t R o f ¥ 114.1 108.1 5.51 93.3 O btained) Went to  8 fo o t
S ta  110 + 00
2 1 1 from eas t R o f ¥ 107.9 102.1 5.65 87.8 793 ) depth  w ith  Auger
S ta  1 1 5 + 0 0
C entre o f R of W 113.2 106.7 6.11 92.4 I486 ) and s t i l l  d id  n o t
S ta  120 + 00
41* from eas t R o f ¥ 123.1 116.0 6.16 100.05 1593 ) in te r c e p t  the
S ta  125 + 00 * 1 /20  sq in
C entre o f R of ¥ 123.1 117.0 5.1S 100.05 need le  could W ater Table
n o t p e n e tra te
S ta  130 + 00 123.0 115.2 6 .86 100.02 1646 )
3 1 1 from eas t R of ¥
S ta  135 + 00
38 ' from e as t R o f ¥ 118.0 111.9 5.33 96.2 2173 )
S ta  140 +00
45* from eas t R o f ¥ 110.0 104.0 5.95 89.8 993 )
GRANULAR BASE MATERIAL
Base m a te r ia l  fo r  th e  p ro je c t  was hau led  in  by tru c k s  from th e  
Essex County G ravel P i t ,  about 20 m ile s  d i s t a n t .  This m a te r ia l  was 
o b ta in ed  from d i f f e r e n t  a re a s  o f th e  P i t ,  hau led  to  a m ixing a re a  where 
i t  was b lended w ith  a Seaman P u lv i-m ix e r and g ra d e rs  and l e f t  in  
windrows to  be hau led  to  th e  job s i t e .
The a re a  where th e  County P i t  i s  lo c a te d  i s  o v e r la in  w ith  B urford  
Loam, and acco rd ing  to  th e  Department o f A g ric u ltu re  f o r  O n ta rio , 
B urford  Loam i s  brown g ra v e lly  loam over re d d ish  brown c la y  loam , th en  
g rey  s t r a t i f i e d  sand and g ra v e l .
The County P i t  Windrow or b lended m a te r ia l  has th e  fo llo w in g  
s iev e  a n a ly s is :
S ieve No. ( U . S . S . ) % P assing
3 /4  in ch  ,3 97 .0
3/8 inch.  87.7
No. 4 78 .0
No. 8 64.1
No. 10 ' ‘ • - -39 .4
No. 30 34 .9
No. $0 2 3 .4
No. 100 ■ 10 .8
N o .,200 7 .8
A ccording to  AASK0 C la s s i f ic a t io n  t h i s  would be A-3 (0) type
s o i l .
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S p e c if ic  G rav ity  2.67
Maximum Dry D ensity  by S tandard  P ro c to r  130.5 P .C .F .
Maximum Wet D ensity  141.1 P .C .F .
Optimum M oistu re  Content 8 .1$
FLY ASH TEST REPORT
The f l y  ash o b ta in ed  from th e  d ike  o f th e  H y d ro -E lec tr ic  Power 
Commission o f O ntario  G enerating  P la n t ,  J .  C lark  K e ith , in  Windsor
had th e  fo llo w in g  c h a r a c te r i s t i c s :
TABLE XI 
FLYASH TEST REPORT
T est T est R esu lts S p e c if ic a t io n  ASTM C350-577 Remarks
Loss on I g n i t io n  ($) 6.81 12 (Max) At 1 f t  depth
5.96 12 (Max) At 2 f t  depth
4.44 12 (Max) At 3 f t  depth
F in en ess , B la in  Method, 3330 2800 (Min) At 1 f t  depth
(sq . cm/gm.) 2690 2800 (Min) At 2 f t  depth
3440 2800 (Min) At 3 f t  depth
S p e c if ic  G rav ity 2.31 - At 1 f t  depth
2.44 - At 2 f t  depth
2.36 . - At 3 f t  depth
T est on Pass No. 100 T est R esu lts S p e c if ic a t io n Remarks
Loss on Ig n i t io n  ($) 5.88 12 (Max) 38.4$ o f th e
Fineness, Blain Met/hod, 
sq . cm/gm 2730 2800 (Min)
m a te r ia l  was 
re ta in e d  on 
th e  No. 100
S p e c if ic  G rav ity  ,.s 2.42 S ieve . The 
re ta in e d  mat­
e r i a l  \'ras 
la r g e ly  sand 
w ith  some 
p a r t i c l e s  to  ;
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TYPES OF STABILIZATION
The ty p es  o f s t a b i l i z a t i o n  c a r r ie d  ou t on t h i s  p ro je c t  c o n s is te d
o f:
Cement S ta b i l iz a t io n
Mix No. 1 -  3 2$ Cement -  96g$ Aggregate
Mix No. 2 -  5$ Cement -  95$ Aggregate
Mix No. 3 -  6g$ Cement -  93 a$ A ggregate
S a lt  (NaCl) S ta b i l iz a t io n
Mix No. 1 -  1 -1 /3 $  S a l t  -  98-2 /3$  Aggregate
Mix No, 2 -  2$ S a lt  -  98$ Aggregate
Lim e-Flyash S ta b i l iz a t io n
Mix No. 1 - 3 $  High Calcium Lime -  10$ F lyash  -  87$ A ggregate 
Mix No. 2 -  3$ D olom itic Lime -  10$ F lyash  -  87$ Aggregate
Mix No. 3 -  4s$ High Calcium Lime -  1$$ F lyash  -  80^$ A ggregate
Mix No. 4 -  42$ D olom itic Lime -  15$ F lyash  -  80g$ Aggregate
C on tro l S ec tio n
This c o n s is te d  o f u sing  th e  County P i t  Windrow M a te r ia l ,  
th e  s iev e  a n a ly s is  i s  d e ta i le d  on Page 83, Paragraph 3•
For a  f u l l e r  id e a  why th e  above p ro p o rtio n s  and ty p e s  were 
used th e  r e a d e r  should  r e f e r  to  Page 56, Paragraph 2 .
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METHOD OF CONSTRUCTION 
Salt Stabilization
From Sta 88 + 00 to Sta 104 + 00, the lower six (6) inches of 
the base course was stabilized with salt. Six inches is the maximum 
compacted depth that can be mixed with our Seaman-Andwell Mixer
The a re a  was f i r s t  s c a r i f i e d  by th e  g ra d e r to  a w id th  o f 24 f e e t .  
N ext, s a l t  was sp read  in  th e  c o r re c t  amount by a l i m e - d r i l l .  The 
Seaman-Andwell Mixer th en  made two p asses  th rough  th e  a re a .  T his en­
su red  th a t  th e  s a l t  was w e ll d i s t r ib u te d  th rough  th e  t o t a l  dep th , th e  
depth  being  e ig h t (8) in ch es  in  a lo o se  s t a t e .  W ater was th en  added 
by an 1800 Im p e ria l g a llo n  w ater tru c k  w ith  a p re ssu re  sp ray  b a r .  The 
Seaman- Andwell Mixer th en  made an o th er p a ss . The w ater co n ten t o f th e  
m a te r ia l  was checked w ith  a Rapid M oisture T est A pparatus. A d d itio n a l 
w ater was added, th e  m a te r ia l  pu lv i-m ixed  a g a in , a t  which tim e i t  was 
ready  f o r  r o l l i n g .  I t  was found th a t  maximum d e n s ity  o ccu rred  a t  o r 
about two p e rcen t l e s s  th an  th e  Optimum M oisture  Content o b ta in ed  in  th e  
la b o ra to ry .
The a re a  was th e n  r o l l e d  w ith  two 8 -to n  S e lf -P ro p e lle d  Pneumatic 
T ired  R o lle rs ,  which e x e r te d  a lo ad  o f 45 l b s .  per square in ch  on th e  
m a te r ia l .  R o llin g  was c a r r ie d  on u n t i l  th e  m a te r ia l  was w e ll compacted.
A grader then was used for trimming and final shaping of the road
bed to proper cross section, providing a crown of three inches.
This 1600 feet of road bed took about 8 hours to lay and compact.
I t  was done on 13 A ugust, 1964. The a i r  tem p era tu re  v a r ie d  betw een.
65 -  70°F, and th e  sky was cloudy .
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Samples o f  the s a lt  mixture were taken from th e  road and c heck-ed
fo r  s a l t  c o n ten t in  th e  la b o ra to ry .
c , , .  % S a l t  % S a l tS ta t io n  ^ . r- • i jDesign F ie ld
89 + 93 1 .34 1 .31
90 + 00 1 .34 1.31
93 + 00 1 .34 1 .50
95 + 00 1 .34 2 .28
99 + 00 2 .00 0 .74
100 + 00 2 .00 1 .64
103 + 00 2 .00 2.19
105 + 00 1 .34 lo35
The u su a l p ra c t ic e in  Essex County i s  to s t a b i l i z e
depth  when u s in g  s a l t ,  so th a t  on September 1 , 1964, th e  to p  6 
in ch es  from S ta  88 +00 to  S ta  108 + 60 was s ta b i l i z e d  w ith  s a l t .  The 
a i r  tem pera tu re  was 66°F and th e  sky was c loudy .
A fte r  la y in g  and com pacting, th e  su rfa ce  was sea le d  w ith  1 /4  
g a llo n  per square yard  o f a sp h a lt  em ulsion and 10 lb s .  o f sand per 
square y a rd .
Equipment Used
1 -  Lime S preader p u lle d  by a 5 -to n  Dump Truck
1 -  Seaman-Andwell P u lv i-M ixer
1 -  100 H.P. Grader
2 -  8 -to n  S e lf -P ro p e lle d  P neum atic-T ired  R o lle r
2 -  1800 Im p e ria l g a llo n  W ater Trucks w ith  p re ssu re  sp ray
b a r s .  One used  fo r  a sp h a lt  em ulsion a ls o .
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3 -  5 -to n  Dump Trucks w ith  w h irly  sp read e r fo r  sand .
Cement S ta b i l iz a t io n
On 26 August, 1964, S ta  121 + 00 to  S ta  128 + 00 and S ta  128 + 00 
to  S ta  143 + 00 were s ta b i l i z e d  w ith  cem ent. The base was s ta b i l i z e d  
to  a  6 -in ch  compacted depth  and a w idth  o f 24 f e e t ,  s in ce  th e  pavement 
w id th  would be 22 f e e t .  The w eather was warm and c le a r  w ith  a tem per­
a tu re  o f 70°F. ’
On 28 August, 1964* S ta  69 + 00 to  S ta  88 + 00, and S ta  118 + 00 
to  S ta  121 + 00 were s t a b i l i z e d .  The w eather was ho t and humid w ith  
a tem p era tu re  o f 80°F.
On 31 A ugust,1 9 6 4 , S ta  48 + 80 to  S ta  69 + 00 was done and t h i s  
com pleted th e  cement p o r tio n  of th e  p r o je c t .  The w eather was ho t and 
humid w ith  a tem p era tu re  o f  77°F.
The procedure  fo r  s t a b i l i z in g  was as fo llo w s :
1 . The g ra n u la r  base  co u rse  was s c a r i f i e d  by th e  g ra d e rs  to  
a  w idth  o f  24 f e e t  and a  depth  o f 6 in c h e s .
2 . N ext, cement was added by a H ercules Cement S preader towed 
by a  bu lk  cement ta n k e r  w ith  a c a p a c ity  o f 25 to n s .
3 . The Seaman Andwell P u lv i-M ixer th e n  passed, th rough  th e  
m a te r ia l  a t  l e a s t  tw ic e .
4 . W ater was th en  added by an 1800 Im p eria l g a llo n  w ater 
t ru c k  w ith  a p re s su re  sp ray  b a r .  I t  g e n e ra l ly  took  two 
to  fo u r  p a sse s , depending on th e  speed o f th e  t r u c k ,  to  
o b ta in  th e  rig h t,am o u n t o f w a te r . (R igh t amount was 
always on th e  low s id e  o f th e  O.M.C.)
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5. The Seaman Andwell P u lv i-M ixer th en  mixed th e  m a te r ia l  
a g a in , a t  l e a s t  tw ice  and sometimes th re e  o r  fo u r tim e s . 
T his depended on th e  number o f p a sse s  o f th e  w a te r  tru c k  
as th e  m a te r ia l  was mixed, g e n e ra lly , a f t e r  each pass o f 
th e  w a ter t ru c k .
6 . The g ra d e rs  th en  rough shaped th e  m a te r ia l  on one pass 
to  a 3 -in c h  crown.
7 . The two 8 -to n  S e lf  P ro p e lled  Pneumatic T ired  R o lle rs  th en  
r o l l e d  th e  m a te r ia l  u n t i l  i t  was w e ll compacted.
8. The g ra d e rs  th en  f i n a l l y  shaped th e  road  to  a 3 - in c h  crown.
9 . The road  was th en  se a le d  w ith  1 /4  g a l .  per sq . yd . of 
a sp h a lt  em ulsion a p p lie d  w ith  an 1800 g a llo n  D is tr ib u to r  
and p re s su re  sp ray  b a r .
10 . Sand was th e n  a p p lie d  a t  th e  r a t e  o f 10 l b s .  per sq . yd . 
by dump tru c k s  equipped w ith  w h ir ly  sp re a d e rs .
I t  took  approx im ate ly  12g hours to  s t a b i l i z e  2000 l i n e a l  f e e t  o f
ro ad .
Equipment Used:
2 -  100 H .P. G raders
2 -  8 -to n  S e lf  P ro p e lled  Pneumatic T ired  R o lle rs
2 -  1800 Im p e ria l g a llo n  w a ter tru c k s  w ith  p re s su re  sp ray  b a r .
One used fo r  a s p h a lt  em ulsion a ls o .
1 -  Seaman Andwell P u lv i-M ixer
1 -  P u lv i-M ixer towed by a t r a c t o r
1 -  H ercules cement sp read e r
3 -  5 -to n  Dump Trucks w ith  w h ir ly  sp read e r fo r  sand .
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LIME-FLYASH STABILIZATION
On 27 August, 1964, S ta  108 + 00 to  S ta  114 + 00 was s ta b i l i z e d  
w ith  lim e and f ly a s h  to  a depth  o f 6 in ch es  and a w idth  o f 24 f e e t .  
The w eather was ho t and humid w ith  a tem p era tu re  o f 81°F.
The procedure  fo r  s t a b i l i z in g  was as fo llo w s:
1 . The base  cou rse  was s c a r i f i e d  by th e  g rad e rs  to  a  w id th  o f 
24 f e e t  and to  a compacted d ep th  o f 6 in c h e s .
2 . F lyash  which had been bagged p re v io u s ly  in  7 5 - lb • bags was 
th en  p laced  on th e  ro ad  in  s ix  row s. The m a te r ia l  was 
dumped in  p i le s  and th en  sp read  even ly  by han d -rak in g .
3 . The Seaman-Andwell P u lv i-M ixer th en  mixed th e  f ly a s h  and 
g ra n u la r  base  co u rse  th o ro u g h ly  w ith  a minimum o f fo u r 
p a sse s .
4 . Lime, in  5 0 -lb . b ag s , was th e n  p laced  on th e  ro ad  in  s ix  
row s. The m a te r ia l  was dumped in  p i l e s ,  and th e n  sp read  
even ly  by h an d -rak in g .
5. The Seaman Andwell M ixer th e n  mixed th e  lim e in to  th e  
f ly a s h -g ra n u la r  m a te r ia l  a minimum o f two tim e s .
6. W ater was th e n  added by an 1800 g a llo n  w ater truck w ith  a 
p re s su re  sp ray  b a r ,  u n t i l  th e  p roper amount o f  m o is tu re  
had been added to  th e  mix.
7. After each pass of the water truck, the Seaman Andwell 
M ixer would fo llo w  and i n t e g r a l l y  mix th e  w a ter and lim e - 
f ly a s h -g ra n u la r  m ix tu re .
8 . The Grader th e n  rough shaped th e  m a te r ia l  to  a  3 -in c h
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crown.
9 . The two 8 -to n  S e lf  P ro p e lle d  Pneumatic T ired  R o lle rs  th en  
r o l l e d  th e  m a te r ia l  u n t i l  i t  was w e ll compacted
10. The g ra d e rs  th en  shaped th e  road  to  f in i s h  crown of 3 in c h e s .
11. The road  was th e n  s e a le d  w ith  1 /4  g a llo n  p er sq . yd. o f 
a s p h a lt  em ulsion a p p lie d  w ith  an 1800 g a llo n  c a p a c ity  
D is tr ib u to r  and p re ssu re  sp ray  b a r .
12 . Sand was th e n  a p p lie d  a t  th e  r a t e  o f 10 lb s .  p e r  sq . yd. 
by dump tru c k  equipped w ith  a  w h irly  sp re ad e r.
I t  took  approx im ate ly  12 hours to  . s t a b i l i z e  600 l i n e a l  f e e t  o f
ro ad .
Equipment Used:
2 -  100 H.P. G raders
2 -  8 -to n  S e lf  P ro p e lle d  Pneumatic T ired  R o lle rs
2 -  1800 Im p e ria l g a llo n  W ater Trucks w ith  p re s su re  sp ray  b a r s .
One used  f o r  a sp h a lt  em ulsion a ls o .
1 -  Seaman Andwell Pu lv i-M ixer
1 -  Dump Truck w ith  w h irly  sp read e r f o r  sand.
5 -  Dump Trucks f o r  h au lin g  f ly a s h  and lim e from th e  County P i t .
COST OF STABILIZING
The average cost per square yard to do the different types of 
stabilizing is presented in Table XII; however a complete cost break­
down may be found in Appendix "C".
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TABLE XII
AVERAGE COST* TO STABILIZE PER SQUARE YARD
A dditive Depth o f S ta b i l iz in g Average Cost 
,p e r  Square Yard
3g$ Cement '6 in ch es 38.360
3% Cement 6 in ch es 48.550
6g$ Cement 6 in ch es 57.000
3% Lime, 10$ F lyash 6 in ch es 136.000
4g$ Lime, 15$ F lyash 6 in ch es 2 0 3 .0 0 0
1 -1 /3 $  S a lt  (NaCl) 6 in ch es 14.500
1 -1 /3 $  S a l t  (NaCl) 12 in ch es 2 9 .0 0 0
2$ S a l t  (NaCl) 6 in ch es 32.000
*  The c o s t in c lu d e s  th e  supp ly ing  of th e  A d d itiv e s , a l l  m ix ing , w a terin g  
r o l l in g  and com pacting th e  m ix tu re s .
ROAD DEFLECTIONS MEASURED BY THE BENKLEMAN BEAM
In  A p r il ,  1961, d e f le c t io n s  were m easured on th e  e x is t in g  road  
w ith  a Benkleman Beam. A fte r  th e  road  was re c o n s tru c te d , b u t b e fo re  
th e  pavement was p la c e d , d e f le c t io n s  were ag a in  ta k e n . D e fle c tio n s  
were ag a in  tak en  in  A p r il ,  1965.
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TABLE XIII
BENKLEMAN BEAM DEFLECTIONS
Deflections (inches) WEST LANE Increase or Decrease
-
S ta . S ta b i l iz a t io n  -1- On E x is tin g  Road b e fo re  C o n stru c tio n  
A p ril ,  1964
#  On S ta b i l iz e d  Base 
a f t e r  R eco n stru c tio n  
and b e fo re  Paving 
Septem ber, 1964..
i  On Pavement 
A p ril ,  1965
between 
A p ril ,  !
and 
A p r i l ,  '
50 + 00 6" Cement 3% .093 .OiS .023 -  .070
55 + 00 6" Cement 3% .056 .018 .027 -  .029
60 + 00 6" Cement 3% .047 .017 .027 -  .020
65 + 00 6" Cement 5$ .021 .017 .024 + .003
70 + 00 6" Cement 3% .032 .022 .027 -  .005
75 + 00 6" Cement 3% .0 3 0 .021 .026 -  .004
80 + 00 6" Cement 3% .029 .021 .028 -  .001
85 + 00 6" Cement 3% .031 .021 .0 3 0 -  .001
90 + 00 12" S a lt 1-1/3% .025 .025 .038 -t .013
95 + 00 12" S a lt  1-1/3% .036 .025 .038 + .002
100 + 00 12" S a lt  2% .027 .029 .0 4 0 + .013
105 + 00 6" S a lt  1-1/3% .032 .029 .039 + .007
110 + 00 6" Lime 3%, F.A. 10£ .021 .021 .039 + .018
112 + 00 6" Lime k\%y F .A.13% .021 .021 .034 + .008
Deflections are corrected for Temperature and Season.
* Deflections are corrected for Temperature, but not Season. vOVO
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TABLE XIII - Continued
BENKLEMAN BEAM DEFLECTIONS
S ta 0 Type o f S ta b i l iz a t io n
D eflec tio n s  ( in c h e s )  YffiST LANE In c re a se  o r Decrease 
between 
A p r il ,  1964 
and 
A p ril , 1965
£  On E x is tin g  Road 
b e fo re  C o n stru c tio n  
A p r il ,  1964
* On S ta b i l iz e d  Base -{; 
a f t e r  R eco n stru c tio n  - 
and b e fo re  Paving 
Septem ber, 1964
On Pavement 
A p ril ,  1965
115 + 0 0 12" U n stab ilized . 02$ .0 2 6 .039 + .011
117 + 00 12" U n stab ilized .028 .0 2 2 .039 + .011
120  + 00 6 " Cement 6^ >% .032 .011 .027 1 • 0 0 \_n
125  + 00 6 " Cement 3g^ .025 .019 .027 + .002
130  + 00 6" Cement 5% .0 4 0 .019 .027 -  .013
135  + 00 6" Cement 5% .032 .018 .027 -  .005
140 + 00 6" Cement 5% .032 .017 .028 1 O 0 0
Deflections are corrected for Temperature and Season.
* Deflections are corrected for Temperature, but not Season.
■o
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TABLE XIII
BENKLEMAN BEAM DEFLECTIONS
Type of 
Stabili zation
Deflections (inches) EAST LANE
On Existing Road * On Stabilized Base •- 
before Construction after Reconstruction 
April, 1964 and before Paving
*_____ _ ____ _______ September, 1964_____
On Pavement 
April, 1965
1 Deflections are corrected for Temperature and Season.
* Deflections are corrected for Temperature, but not Season,
Increase or 
Decrease 
between 
April, 1964 
and 
April, 1965
50 + 00 6,! Cement 3% .093 .020 .024 - .069
55 + 00 6" Cement 3% .060 . 018 ,020 - .040
60 + 00 6n Cement 3% .047 .018 .018 - .029
65 + 00 6" Cement 3% .040 .0.13 .018 - .022
70 + 00 6" Cement 3% .037 .022 .022 - .015
75 + 00 6" Cement 3% .039 .017 .023 - .016
so + 00 6” Cement 3% .033 .017 .021 - .012
85 + 00 6" Cement 5a .034 .021 .028 - .006
90 + 00 12" Salt 1-1/3% 0 0 0 .025 .032 - .008
95 + 00 12" Salt 1-1/3% .040 .021 .036 - .004
100.+ 00 12" Salt 2% .029 .037
0-3-
0• + .011
105 + 00 6" Salt 1-1/3% .032 .025 .033 + .001
110 + 00 6" Lime 3% F.A. 10% .031 .018 .033 + .002
112 + 00 6" Lime h\% F.A. 13% .031 .017 .024 - .007
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TABLE XIII
BENKLEMAN BEAM DEFLECTIONS
Type of 
Stabilization
Deflections (inches) EAST LANE
i On Existing Road * On Stabilized Base 
before Construction after Reconstruction 
April, 1964 and before Paving
________ . _____________ September, 1964
( _ Pavement 
April, 1965
Increase or 
Decrease 
between 
April, 1964 
and 
April, 196$
115 + 00 12" U n s tab iliz e d .025 .0 2 5 .035 + .010
117  + 00 12" U nstabilifced .02$ .024 .036 + .011
120 + 00 6" Cement 6)>% .036 .017 .020 -  .016
125 + 00 6" Cement 3 .040 .028 .0 2 5 -  .015
130  + 00 6" Cement 5% .037 .017 .022 ■ -  .01$
135 + 00 6" Cement 5% .041 .018 .022 -  .019
140 + 00 6" Cement 5$ .028 .017 .020 -  .008
i Deflections are corrected for Temperature and Season. . . 
* Deflections are corrected for Temperature, but not Season.
vOO
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A s a t i s f a c to r y  d e f le c t io n  fo r  t h i s  ro ad , du ring  th e  months o f 
March and A p ril ,  co n sid e rin g  th e  type  and amount o f t r a f f i c ,  should 
n o t exceed 0 .045 in c h e s .
A ll t e s t  s e c tio n s  met t h i s  c r i t e r i a ,  some b e t t e r  th an  o th e r s ,  as 
can be seen by th e  fo llo w in g  o rd e r:
STABILIZATION MATERIAL
6i$% Cement 
5% Cement 
3h% Cement
kz% Lime + 1%  F lyash  
3% Lime +■ 10% F lyash  
1 -1 /3 % S a l t  -  12" th ic k  
1-1/3% S a l t  -  6" th ic k  
C o n tro l S ec tio n  
2% S a l t  -  12" th ic k
AVERAGE BENKLEMAN BEAM DEFLECTION 
_____________ ( inches )______________
.024
.025
.026
.029
.036 
.036 
.036
.037
.040
I t  i s  proposed to  ta k e  a s e r ie s  o f Benkleman Beam D efle c tio n s  
each y ear f o r  a  minimum p e rio d  o f 5 y e a r s .  The r e s u l t s  -w ill be 
o b ta in a b le  from th e  a u th o r .
COMPRESSIVE STRENGTH
The au th o r has a ttem p ted  to  o b ta in  specimen co res  from  th e  road  
to  t e s t  t h e i r  com pressive s t r e n g th .  C onclusive r e s u l t s  a re  no t y e t 
a v a ila b le  s in c e  we cou ld  no t g e t good c o re s , due to  th e  ty p e  o f co re in g  
m achinery t h a t  was a v a i la b le .  However, co re s  w i l l  be o b ta in ed  during  
th e  summer o f 1965 and each y ear t h e r e a f t e r  f o r  a p e rio d  of 5 y e a rs  and 
th e  r e s u l t s  w i l l  be made a v a i la b le  to  in t e r e s t e d  p a r t i e s .
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CHAPTER V III  
DISCUSSION AND CONCLUSIONS
1 . A s a t i s f a c to r y  base  cou rse  i s  co n sid e red  to  c o n s is t  o f  th e  
fo llow ings
(a ) S o il  lo s s e s  a f t e r  12 c y c le s  o f Freeze-Thaw and Wet-Dry 
T es t s h a l l  n o t exceed 14$ f o r  A-3 (0 ) s o i l .
(b ) Compressive s tre n g th  o f th e  base  co u rse  s h a l l  be :
400 p s i  m in. -  s a tu r a te d  in  w a te r p r io r  to  t e s t .
(c )  Benkleman Beam D e fle c tio n  should  n o t exceed 0 .045
rS Oin ch es  during  March o r  A p r il ,  c o r re c te d  to  80 F .
Only cement specim ens and l im e - f ly a s h  specimens which were cu red  
a t  140°F. met th e  s o i l  lo s s  c r i t e r i a  in  th e  Wet-Dry and Freeze-Thaw 
T e s ts ,  and th e  Compressive S tren g th  c r i t e r i a .  F ie ld  Compressive 
S tren g th s  w i l l  be  checked l a t e r  when s a t i s f a c to r y  co re in g  m achinery 
i s  a v a i la b le .
A ll road  t e s t  s e c tio n s  met th e  Benkleman Beam D e fle c tio n  c r i t e r i a  
Thus, on th e  b a s is  o f la b o ra to ry  and f i e l d  r e s u l t s  to  d a te ,  th e  
so il-cem en t m ixes a re  perform ing b e s t  in  a l l  t e s t s .
2 .  In  t h i s  f i e l d  t r i a l ,  th e  most econom ical ty p e -o f  s t a b i l i z a t i o n  
was w ith  s a l t  (N aC l), fo llow ed  by cem ent, and th e n  l im e - f ly a s h . How­
e v e r , i f  th e  lim e  and f ly a s h  were a v a i la b le  i n  b u lk , th e  c o s t  o f  s o i l  
s t a b i l i z a t i o n  w ith  th e s e  m a te r ia ls  would be g r e a t ly  red u ced .
• 112
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3 . The lim e + 15$ f ly a s h  m ix tu re  i s  much b e t t e r  th an  th e  3$* i
lim e  and 10$ f ly a s h  m ix tu re , e s p e c ia l ly  in  th e  Compressive S tren g th  
T est where th e re  i s  a  4 2 $ ’ in c re a s e .
4 . The Compressive S tren g th  o f  th e  Cement and Lim e-Flyash mixes i s  
reduced  two to  th re e  tim es by m o is tu re  o f  s u f f ic ie n t  q u a n ti ty  to  
s a tu r a te  th e  specim ens. Table IX.
5 . There i s  an in d ic a t io n  th a t  D olom itic Idme i s  B lig h tly  b e t t e r  
th a n  th e  High C a lc i t i c  Lime, e s p e c ia l ly  in  th e  Wet-Dry T es t and th e  
Compressive S tren g th  T e s t .
6 . The com pressive s tre n g th  o f s a l t  specim ens which were a i r  d r ie d  
f o r  48 hours b e fo re  t e s t i n g  were e ig h t tim es th e  s tre n g th  o f newly 
molded specim ens, a s  th e y  in c re a s e d  from 8 p s i  to  64 p s i .
7 . H igher d e n s i t i e s  can be o b ta in e d  in  s a l t  s t a b i l i z a t i o n  i f  th e  
s a l t  i s  f i r s t  pu t i n to  s o lu t io n  in s te a d  of adding s a l t  and th e n  th e  
w a te r . The h ig h e r d e n s ity  may n o t be w a rran ted , however, s in c e  th e  
s a l t  has to  be in c re a s e d  by 300$»
8 . I t  i s  no t known y e t  how lo n g  th e  b e n e f ic ia l  e f f e c t s  o f  s a l t  w i l l  
rem ain , as  i t  i s  th e  a u th o r 's  ex p erien ce  on o th e r  s a l t  s ta b i l i z e d  
p r o je c ts  t h a t  a  c e r ta in  amount o f  le a c h in g  ta k e s  p la c e , e s p e c ia l ly  
a long  th e  edge. A c o n tin u in g  t e s t i n g  programme over th e  n ex t f iv e  
y e a rs  w i l l  determ ine th e  amount o f  le a c h in g  th a t  ta k e s  p la c e .
9 . In  th e  s a l t  s t a b i l i z e d  s e c t io n  o f th e  ro ad , th e  s a l t  low ers 
th e  f r e e z in g  p o in t o f  th e  w a te r i n  th e  g ra n u la r  base  m a te r ia l ,  so
with permission of the copyright owner. Further reproduction prohibited without permission.
t h a t  th e  d e s tr u c t iv e  i c e  le n s e s  a re  re ta rd e d  from form ing, w hile  
w ith  th e  cement and l im e -f ly a s h  s e c t io n ,  th e  i c e  le n s e s  ten d  to  be 
r e s t r i c t e d  from form ing, due to  th e  g ra n u la r  base  m a te r ia l  b e ing  made 
l e s s  perm eable due to  th e  c em en titio u s  a c t io n  which has bound th e  
p a r t i c l e s  to g e th e r  in to  a  s tro n g  m a tr ix .
10 . A w e ll g raded  g ra n u la r  m a te r ia l  must be used  fo r  s a l t  s t a b i l ­
i z a t io n  because t h i s  i s  a  m echanical means o f  s t a b i l i z a t i o n .
However, t h i s  i s  n o t t ru e  fo r  cement and l im e -f ly a s h  s t a b i l i z a t i o n  
which r e p re s e n ts  chem ical means o f  s t a b i l i z a t i o n .
11 . A co n tin u in g  programme fo r  th e  n ex t f iv e  y e a rs  w i l l  be c a r r ie d  
c u t to  determ ine d e f le c t io n s ,  com pressive s t r e n g th s  and how much s a l t  
le a c h e s  o u t o f  th e  ro ad  b a se .
1 2 . I t  i s  su g g ested  th a t  more work be done to  determ ine what e f f e c t  
th e  p e rcen tag e  o f  s a l t  has on th e  f r e e z in g  o f  th e  sam ples, and a t  
what tem p era tu re  a  s a l t  specim en k" i n  d iam eter f r e e z e s  com ple te ly .
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APPENDIX A 
AASHO SOIL CLASSIFICATION
In the AASHO system of Soil Classification all soils are class­
ified in one of eight groups, A-l through A-8. The best soils for 
road subgrades are classified as A-l, the next best A-2, etc. •with 
the poorest Boils classified as A-8.
Soils that fall within any given group have similar broad charac­
teristics in common. However, there is a wide range in the load- 
carrying capacity of each group as well as an overlapping of load- 
carrying capacity between the groups. For Example, a borderline A-2 
soil may contain materials having a greater load-carrying capacity than 
an A-l soil, and under unusual conditions may be inferior in some charac­
teristics to the best materials classified in the A-6 or A-7 soil group. 
Hence, if the AASHO soil group is the only fact known about a soil, only 
the broad limits of load-carrying capacity can be stated.
The eight basic soil groups are divided into subgroups with a 
group index system of evaluation that was devised to approximate within- 
group evaluations. Group indexes range from 0 for the best subgrades to 
20 for the poorest. Increasing values of the index within each basic 
soil group reflect! (l) a reduction of load-carrying capacity of sub­
grades, (2) a combined effect of increasing liquid limits and plasticity 
indexes and decreasing percentages of coarse material.
The soil classifications are divided into two major groups as
■r\ v-
shown by: Table XIV.
%
H 5
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TABLE XIV
CLASSIFICATION OF HIGHWAY SUBGRADE MATERIALS 
(WITH SUGGESTED SUBGRADES)
General
Classification (35# or
Granular Materials 
less of total sample pass No. 200)
Silty-Clay Materials
(More than 35^ of total sample
pass No. 200)
**
Group A-l
A-3
A-2
A-4 A-5 A-6 A-7Classification ft-lea A-l-b A-2-4 A-2-5 A-2-6 A-2-7 A-7-5
A-7-6
Sieve Analysis 
% Passing
No. 10 50 max
No. 40 30 max 5 0  max 51 min
No. 200 L5 max 25 max 10 max 35 max 35 max 35 max 35 max 36 min 36 min 36 min 36 min
Characteristic s 
of Fraction 
Passing No. 40
_ —  .
Liquid Limit 40 max 41 min 40 max 41 min 40 max 41 min 40 max 41 min
Plasticity Index 6 max N.P. 10 max 10 max 11 min 11 min 10 max 10 max 11 min- 11 min
Group Index ** 0
1
0 0 4 max 8 max 12 max 16 max 20 max
P.I. of A-7-5 subgroup is equal to or less than L.L. minus 30. ) 0  n  *4. > m 4 . 4 ;T j nv.- 4.
t j  t  ,  i  u  .t  _ _  4. 4-v. t t  4 o n  ( See Liquid Limit & Plastic Index Chart.P.I. of A-7-6 subgroup is greater than L.L. minus 30. ) n
** See group index formula or Figure 10 for method of calculation, which follows.
Group index should be sh.own in parentheses after group symbol as: A-2-6(3), A-4(5)> A-6(12), etc.
-  MMo
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Classification Procedure:
1 With required test data available, proceed from
left to right on chart} correct group will be
found by process of elimination. The first 
group from the left into which the test data 
will fit is the correct classification.
Five soil fractions are recognized:
Boulders - Particles retained on 3” sieve.
Gravel - Particles passing 3M and retained on No. 10 
Coarse Sand - Particles passing No. 10 and 
retained on No. 40 
Fine Sand - Particles passing No. 40 and 
retained on No. 200 
Combined Silt and Clay - Particles passing No. 200.
Whether a soil is "silty" or "clayey" depends on its P.I.
"Silty" i?s applied to fine material having a P.I. of 10 or less. 
"Clayey" is applied to fine material having a P.I. of more than 10.
GRANULAR MATERIALS 
(Material containing 35$ or less passing the No. 200 sieve)
A-l Soils: are well-graded mixtures from coarse to fine
with a nonplastic or feebly plastic soil binder 
(Minus No. 200 sieve material). This group also 
includes coarse material without soil binder.
( ■ ' ■■
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A-l-a Soils: consist predominantly of stone fragments or gravel*
wither with or without a well-graded soil binder,
A-l-b Soilsj consist predominantly of coarse sand, either with
or without a well-graded soil binder.
Some of the A-l soils may be so devoid of fines as to require 
additional fines in order to form a firm base. Generally, they are 
highly stable under wheel loads regardless of moisture conditions. They 
function satisfactorily as bases for thin bituminous wearing surfaces. 
Soils classified in this group are those materials that are suitable or 
can be made statable for granular base courses.
A-2 Soils* are composed of a wide range of granular materials 
that cannot be classified as A-l or A-3 because of 
their fines content, plasticity, or both.
A-2-4 and
A-2-5 Soils: include those granular materials that have soil
binder characteristics of the A-4 and A-5 soil 
groups.
A-2-6 and
A-2-7 Soils: include those granular materials that have soil
binder characteristic of the A-6 and A-7 soil 
groups.
A-2 soils are inferior to A-l soils because of poor grading, 
inferior binder, or both. As a road surface, A-2 soils may be highly 
stable when fairly dry, or depending on the amount and character of
the binder, may soften during wet weather and become loose and dusty
(
UNIVERSITY OF WINDSOR LIBRARY
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in dry periods.
Some A-2 soils may be damaged by frost,
A-2-4 and A-2-5 soils are satisfactory as a base when properly 
drained and compacted.
As a base course, A-2-6 and A-2-7 soils may lose stability because 
of capillary saturation or lack of drainage.
The quality of A-2-6 and A-2-7 soils as bases range from good, 
where the percentage of the soil passing the 200 mesh sieve is low, 
to questionable, where the percentage of soil passing the 200 mesh 
sieve is high and the P.I, exceeds 10,
Generally A-2 soils are suitable as a blanketing material for 
very plastic subgrades over which concrete pavement is to be placed.
A—3 soils* are composed of sands deficient in soil binder 
and coarse material. Typical of this group are 
fine beach sand or fine desert-blow sand, and
stream-deposited mixtures of poorly graded fine
a
sand and limited amounts of coarse sand and 
gravel. A-3 soils are common in occurrence and 
lack stability under wheel loads except when they 
are damp. They are affected only slightly by 
moisture conditions, have no volume change, and 
make suitable subgrades for all pavement types 
when confined. They cannot be compacted with a" 
sheepsfoot roller, but may be compacted by
vibration or by pneumatic-tire or steel wheel
*
roUtors.
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SILT-CLAY MATERIALS 
(M a te r ia l c o n ta in in g  more th a n  35$ p ass in g  th e  No. 200 s ie v e )
A-4 S o i l s * a re  v e ry  common i n  o ccu rren ce , a re  composed p re ­
dom inantly  o f  s i l t ,  w ith  o n ly  m oderate to  sm all 
amounts o f  co a rse  m a te r ia l  and on ly  sm all amounts 
o f  s t ic k y  c o l lo id a l  c la y .  They p rov ide  a  firm  
r id in g  su rfa c e  when d ry , w ith  l i t t l e  rebound a f t e r  
lo a d in g . ' When w a ter i s  absorbed  ra p id ly ,  th e s e
•3
s o i l s  expand d e tr im e n ta l ly  o r  lo s e  s t a b i l i t y ,  even 
i n  th e  absence o f m a n ip u la tio n ; th e y  a re  su b je c t to  
fro B t-h eav e . The t e x tu r a l  c l a s s i f i c a t i o n  v a r ie s  
w id e ly  -  from sand loams to  s i l t  and c la y  loam s.
V
Sandy loams have good s t a b i l i t y  th rough  a  w ider range o f d e n s i t ie s  
th an  do th e  s i l t s  and s i l t  loam s. They have o n ly  sm all volume changes 
and do no t produce sev e re  pavement d i s to r t io n s  even though compacted d ry .
S i l t  loams and s i l t s  do n o t p o ssess  h igh  d e n s i t ie s  because high  
v o ids a re  produced by poor g ra d a tio n . They a re  r e l a t i v e l y  u n s ta b le  a t  
a l l  m o is tu re  c o n te n ts  and a t  th e  h ig h e r m o is tu re  c o n te n ts  have v e ry  low 
s t a b i l i t y  and b e a r in g  c a p a c ity . They a re  d i f f i c u l t  to  compact because 
th e  m o is tu re -c o n te n t range f o r  s a t i s f a c to r y  com paction i s  v e ry  narrow .
When w et, th e  A-4 s o i l s  become e l a s t i c  and show c o n s id e ra b le  r e ­
bound when load i s  removed. The more p la s t i c  ty p es  w i l l  expand w ith
«
in c re a s e s  in  m o is tu re  c o n te n t ,  e s p e c ia l ly  when compacted a t  a  m o is tu re  
c o n te n t below optimum. Bitum inous s u rfa c e s  r e q u ire  s u b s ta n t ia l  base  
c o u rses  when p laced  on subgrades o f  t h i s  s o i l ,g ro u p .
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A-5 S o ils*  l im ite d  i n  o ccu rren ce , a re  s im ila r  to  A-4 3 o ils
excep t t h a t  th e y  in c lu d e  very  po o rly  graded  s o i l s  
c o n ta in in g  such m a te r ia ls  a s  mica and d ia tom s, 
which a re  p ro d u c tiv e  o f  e l a s t i c  p ro p e r t ie s  and 
v e ry  low s t a b i l i ty *  They a re  l i k e l y  to  rebound 
when lo a d  i s  removed even when th e y  a re  d ry .
Elastic properties interfere with proper compaction of flexible- 
type base courses during coftstruction. Therefore, the A-5 soils are not 
suitable as subgrades for thin, stabilized flexible base courses or 
bituminous surfaces.
They a re  su b je c t to  f ro s t-h e a v e .
A-6 S o i l s :  a re  v e ry  common in  o ccu rren ce , a re  composed
*
predom inantly  o f  c la y ,  w ith  m oderate to  n e g l i ­
g ib le  amounts o f co a rse  m a te r ia l .
In  th e  s o f t  o r  s t i f f  p l a s t i c  s t a t e ,  th e y  absorb  a d d i t io n a l  w ater 
on ly  when m an ip u la ted . They have good b e a r in g  c a p a c ity  when compacted 
to  maximum p r a c t i c a l  d e n s i ty ,  b u t lo s e  t h i s  b earin g  c a p a c ity  when 
m o is tu re  i s  abso rbed . These s o i l s  a re  co m p ress ib le , rebound very  l i t t l e  
when lo a d  i s  removed, and a re  ve ry  expansive when compacted a s  subgrades 
a t  a  m o is tu re  c o n te n t below optimum.
The h igh  p l a s t i c i t y  ind ex es  (above 18) o f  many A-6 s o i l s  in d ic a te  
th e  h ig h ly  cohesive  n a tu re  o f  th e  b in d e r  m a te r ia l  a t  th e  low er m o is tu re  
c o n te n ts .  These s o i l s  p o ssess  l i t t l e  i n te r n a l  f r i c t i o n  and have low 
s t a b i l i t y  a t  th e  h ig h e r  m o is tu re  c o n te n ts .  Hence, th e y  a re  s u i ta b le  in
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fills and subgrades only when placed and maintained at a relatively 
low moisture content.
With these soils, capillary water tension, exerted as evaporation 
proceeds, compresses the soil particles into a compact, dense mass,
A-6 soils are characterized in the field by shrinkage cracks during 
dry weather.
Since these soils possess very small pores, water.moves through 
them slowly even when under considerable head. Hence, they take up 
water very slowly unless manipulated, and dry slowly when wet. Grav­
itational water flowing through them is negligible, which makes 
ordinary drainage installations of little value,
I
While flBw of gravitational water is very slow, the capillary 
pressure that causes moisture to move from the wetter to the drier 
portions is very great and large expansion forces can be developed from 
this source.
These soils are not suitable for use as subgrades under thin 
flexible base courses or bituminous surfaces because of the large vol­
ume changes that are caused by moisture changes, and the loss of 
bearing power after the entrance of moisture.
The heavier A-6 soils require insulating courses to prevent ex­
cessive concrete pavement distortion or mud-pumping. All flexible-type 
bases must have an insulating course of A-l or A-2 soils, stone screen­
ings, etc, to prevent the clay from working into the flexible base, thus 
destroying its load-carrying capacity*
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A-7 S o ils  s a re  composed p red im in an tly  o f  c la y ,  a s  a re  th e
A-6 soils, but because of the presence of one-size 
silt particles, organic matter, mica flakes, or 
lime carbonate, they are elastic.
At certain moisture contents, they deform quickly under load and 
rebound appreciably when load is removed.
They a ls o  p o ssess  th e  c h a r a c t e r i s t i c s  o f A-6 s o i l s  g iven  in  th e  
paragraphs on A-6 s o i l s ,  and th e  same comments on t h e i r  perform ance as  
subgrades and on c o n s tru c tio n  a p p ly . That i s ,  i n  a d d itio n  to  h igh  v o l­
ume change w ith  m o is tu re  changes, low b e a r in g  v a lu e  when w et, need fo r  
in s u la t in g  c o u rs e s , e t c . ,  th e  A-7 s o i l s  a re  e l a s t i c  and rebound when 
lo ad  i s  removed, which makes them d i f f i c u l t  to  compact p ro p e r ly .
They are particularly undesirable subgrades for flexible pavements.
A-7-5 S o i l s i  a re  th o se  A-y s o i l s  w ith  m oderate p l a s t i c i t y
index  in  r e l a t i o n  to  l i q u id  l im i t  and may be 
h ig h ly  e l a s t i c  a s  w e ll a s  s u b je c t to  co n sid ­
e ra b le  volume change. '
A-7-6 S o i l s t  a re  th o se  A-7 s o i l s  w ith  h igh  p l a s t i c i t y  index
i n  r e l a t i o n  to  l iq u id  l i m i t ,  and a re  s u b je c t to  
ex trem ely  h ig h  volume change.
A-8 Soils i are composed of very soft peat and muck and
contain large quantities of organic matter 
and moisture.
■' !
■ ■ ' ' - ■ ' , ■ A
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They cannot be  used  in  subgrades o r  embankments. T h e ir use  in  
any ty p e  o f c o n s tru c tio n  s h o u l d  be avoided  whenever p o s s ib le .
G tUP-INDEX RATING
The AASHO group index  r a t in g  i s  o b ta in ed  by th e  use  o f  a  group 
index  form ula based  on g ra d a tio n , l iq u id  l i m i t ,  and p la s t i c  in d ex  o f 
th e  s o i l ,  o r  f o r  r a p id  d e te rm in a tio n  by th e  use o f  group in d ex  c h a r t s .
The group index  form ula i s  a s  fo llo w s :
GROUP INDEX -  0 .2 a  + 0 .005 ac + 0 .0 1  bd
where
a -  t h a t  p o r tio n  o f pe rcen tag e  p a ss in g  No. 200 s ie v e  g re a te r  th a n  
35# and n o t exceeding 75#, ex p ressed  as  a  p o s i t iv e  whole 
number ( l  to  AO).
b ■ th a t  p o r t io n  o f p e rcen tag e  p a ss in g  No. 200 s ie v e  g r e a te r  th a n  
15# and n o t exceeding  55#, ex p ressed  a s  a  p o s i t iv e  whole 
number ( l  to  4 0 ).
c -  th a t^ p o r t io n  o f th e  num erical L iq u id  L im it g r e a te r  th a n  40 
and n o t exceeding 60, ex p ressed  a s  a  p o s i t iv e  whole number 
(1  to  2 0 ) .
d -  t h a t  p o r t io n  o f th e  num erical P la s t i c  Index g r e a te r  th an  10 
and n o t exceeding  30 , ex p ressed  a s  a  p o s i t iv e  whole number 
(1  to  2 0 ) .
The fo llo w in g  example shows th e  c a lc u la t io n  o f  a  group in d e x .
Given: A-6 s o i l
L .L . -  32 
P . I .  “ 13
P assin g  No. 200 s ie v e  » 65#.
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Calculation* 1 a - 65-35 ” 30 
b * 55-15 - 4 0
c ” 0
d -  13-10 - 3
Group index ■ 0.2a + 0.005 ac + O.Olbtid
” (0.2 x 30) + (0.005 x 30 x 0) + (0.01 x 40 x 
- 7 . 2  or 7
The group index is given in parentheses after the soil group 
number. In this case the soil would be listed as A- 6  (7).
GENERAL EVALUATION OF- SUBGRADES IN TERMS OF THE GROUP INDEX:
Excellent - A-l-a (0) soils
‘A V
Good - 0 - 1  group indexes
Fair - , 2 - 4  group indexes
Poor - 5 - 9  group indexes
Very Poor - 10 - 20 group indexes.
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CHART 2
OR LESS PER CENT PASSING NO. 200 OR MORE 
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APPENDIX 
A
APPENDIX B
U. S . BUREAU OF SOILS CLASSIFICATION
The Ontario Department of Highways uses the U. S. Bureau 
of Soils Classification to determine soil texture.
A comparison between it and the AASHO Classification is included 
here for general information.
*
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American Sociely 
for Tolling and  Material*
American Association 
of State Highway Officials 
. Soil Classification
U.S. Department 
o f Agriculture 
Soil Classification
Colloid.* Clay Silt
Fine
sand
' Coarse 
sand
*. ' "
Gravel
Colloids* d a y •silt
Fine 
. sand
Coarse
sand
Fin*
gravel
Medium
gravel
Coarse
gravel Boulders
Cloy Silt
Very
fine
sand
Fine
sand
Med­
ium
sand
Coarse
sand
Very
:oars<
sand
Fine
gravel
.Coarse
gravel Cobbles
U.S.S. Sieve sizes °  o  °  °  °  °  2  -* «  »  ?
V V T  1 1  1 1 1
•— m n  t  <o«» M c* n  t  <  c o o  o o o o o o  o o o o o  
O O O O O O O  O O O O O * *  **e-* N  pi V  « cd ^  <1 -O CO © - O O O O O *  * * * * * - W  F I T  V W
Particle slxe, »m.
*CoOolds Included in d a y  fraction In test reports. _
Soil-separate size limits of ASTM, AASHO, AND USDA
Oo
Figure 1 2
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Ym CLAY; % SA N D
JO “2 0  ,3 0  40 5 0  S O  7 0  6 0  *2>0 IO O
" t  °A> S I L T  ■. _•
i - i ; T E X T U R A L  C LASSIFICATIO N CM ART
 ^ ’ (U.S B U i2£A U  O F  S O IL S  C L A S S IF IC A T IO N ) :
TEXTURAL CLASSIFICATION %  CLAY ' i  SILT ' %  SAND
1 SAND : 0 20 0 — 20 SO — 100
2 SANDY LOAM ' 0 - 20 0 — 50 50 - so
3 LOAM . ■ 0 — 20 .30 - 50 . 30 - 50
4 SILTY LOAM 0 - 20 50 — SO ‘ 0 - 50
5 SILT • 0 — 20 SO — 100 0 20
6 SILTY CLAY LOAM 20 — 30 50 — SO . . 0 - 30
7 ■ CLAY LOAM . , ■ 20 — 30 20 50 20 - 50
S ' SANDY CLAY LOAM , 20 — 30 : 0 - 30 50 ■- SO
9 •SANDY CLAY 30 — 50 0- - 20 50 — 70
10 SILTY CLAY 30 — 50 50 - 70 0 - 20
11 LIGHT CLAY ,30 - 50 0 mm 50 0 ■ - 50
12 MEDIUM CLAY 50 — .70 0 — 50 0 — 50
13 HEAVY CLAY 70 - 100 0 — 30 0 30
•Figure 15
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GUIDE FOR FIELD SOIL TEXTURAL CLASSIFICATION
The Ontario Department of Highways has published a very useful 
chart for use in the field to determine the different textural 
classifications which is based on the U. S. Bureau of Soils.
"W
%
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced 
with 
perm
ission 
of the 
copyright owner. 
Further reproduction 
prohibited 
without perm
ission.
/" GUIDE F O R  F I E L D  S O I L  T E X T U R A L  C L A S S I F I C A T I O N
SOIL
I -----
G R IT T Y  ANO WILL 
N O T  SHINE
I
 1
N O T  G R IT T Y
O OES N O T  FO R M  A 
COHESIVE BALL.
OOES NOT S T A IN  
FIN G E R S .
SAND
COARSE SAND "  ln»m. 
M E D IU M  SAND -  {irnn . 
F IN E  S A N D -  G RAiNS  
CLEARLY VISIBLE  
V. F IN E  S A N D -  GRAINS 
JU S T  V IS IB LE
S TA IN S  FINGERS
LOAMY SAND
 I
CO. LO A M Y S A N D  '  
MED. L O A M Y  S A N D  
FIN E LO A M Y S A N D  
V .F . LO A M Y SAND
FO RM S A CO HESIVE  
B A LL.
S ILK Y  OR STICKY
■r1—
NO T SILKY OR STICKY
W IL L  PO LISH W ILL  NOT POLISH
SANDY LOAM
  I
CO . SANDY LO A M  
MED. SANDY LO AM  
F IN E  SANDY LOAM  
V .F . SANDY LO A M
VERY HARD TO DEFORM
I
CLAY
I
LIGHT CLAY -  HARD TO  SH IN E  
MED. CLAY -  EASY TO S H IN E  
HEAVY CLAY -  V/AXY TO SHINE
D EFO RM ED W IT H  
S O M E  D IF F IC U L T Y
I
CLAY LOAM
’ F i g u r e ' i k
SLIGHTY SILKY
SILTY LOAM
LOAM
MARKEDLY S IL K Y
SILT LOAM to SILT
NO T HARD TO OEFORM
  1 1
R E S IS T A N T  B U T  DEFO RM ED
W IT H  C O M P A R A T IV E  EASE
I
SILTY CLAY LOAM £
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U. S. BUREAU OF SOILS CLASSIFICATION -  FROST HEAVING
The behaviour o f pavements may be d ir e c t ly  r e la ted  to  subgrade 
s o i l s ,  which in  turn may be r e la ted  to  s o i l  te x tu r e s . S o il  tex tu re  
alone does not rev ea l a l l  th e p h ysica l p rop erties o f s o i l s  such as 
bearing v a lu e , p erm eab ility , s u s c e p t ib i l i t y  to  fr o s t  a c t io n , e t c .
However, s u f f ic ie n t  experim ental and f i e l d  in v e s t ig a t io n a l work has 
been done to  show th a t the s u i t a b i l i t y  o f a s o i l  can be r e la te d  to  
i t s  te x tu r a l c la s s i f i c a t io n .
The fo llo w in g  ca teg o r ies  r e fe r  prim arily  to  th e  s u s c e p t ib i l i t y  
o f a s o i l  to  fr o s t  heaving:
1 . Acceptable -  L ess than s i l t  and/or l e s s  than
U5% very f in e  sand and s i l t .
2 . B orderline -  40 to  $0% s i l t  and/or l e s s  than
U5% very f in e  sand and s i l t .
3 .  Unacceptable -  . More than $0% s i l t  or more than
6056 very f in e  sand and s i l t .
I
\
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SOiL SUITABILITY W iTU PESPE1CT TO 
FBOST UEAV1MG .
IOO
°/i CLAY
/o  S JL T
- %  SAND
T-EXTURAL. CLASSIFICATIO N CHART
( U S .  I 5 U R € A U  O F  S O I L S  C L A S S I F I C A T I O N )
v . , Ennrnr3x  /  IXi I.XJ.3 .
V EXCEPT VAOVCO CLAV.
L £ G € N D  
A C C E P T A B L E  M A T E R I A L  
1 5 0 R D E R L 1 N - Q  M A T E R I A L  
U N A C C E P T A B L E . M A T E R IA L .
*  ;•
Figure 15
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APPENDIX C 
* COST OF THE PROJECT IN DETAIL
The cost of the project consisted of the following*
Item Unit Cost Total Cost
1. Excavation in roadway
clearing, grubbing Lump Sum $ 5*186.39
2. Excavation in ditches Lump Sum 1,366.72
3. Supply, haul, water, compact
granular base course
(a) Granular "B" Material,
general fill
Supply $0.20 per cu yd 
Haul 1.36 per cu yd 
Compact 0.46 per cu yd
$2.02 per cu yd 7032 Cu. Yds. @ $2.02/cu yd 14,204.64
(b) Granular Mechanical
Stabilized Mix
Supply $0.71 per cu yd 
Haul 1.36 per cu yd 
Compact 0.46 per cu yd
$2.53 per cu yd 14*814 Cu.Yds. @ $2.53/cu yd 37,479.42
4. Supply, haul, water, compact
Granular "A", shoulder 
material including Calcium 
Chloride application
Supply $1.57 per ton 
Haul O .94 per ton 
Compact 1.25 per ton
$376 per ton 1963 Tons @ $3.76/ton 7,330.68
134
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Item  U nit Cost T o ta l Cost
5 . S ta b i l i z a t io n  -  in c lu d in g
supply  o f a d d i t iv e ,  m ixing 
w a te r in g , r o l l i n g  and 
com pacting m ix tu re
Average C ost p e r Square Yard 
-  6" dep th  s ta b i l i z e d  
except a s  no ted
(a )  Cement
3s$ Cement 2 ,100  s q .y d s . @ 38.36$ $ 805.56
5$ Cement 16,260 sq .y d s . @ 48.55$ 7 ,894 .23
6^ % Cement 900 sq . yds.®  57.00$ 513.00
(b ) Iam e-F lyash
Mix No. 1 -  3$ Lime,
10$ F ly ash  800 sq .y d s . @ $1.36 1 ,0 8 8 .0 0
Mix No. 2 -  4^$ Lime,
15$ F ly ash  800 s q .y d s . @ $2.03 1 ,6 2 4 .0 0
(c )  S a l t  (NaCl)
1 -1 /3 $  S a l t  (6" depth
s ta b i l i z e d )  1 ,065 S q .y d s . @ ^14.50$ 154.43
1 -1 /3 $  S a l t  ( 12” dep th
s ta b i l i z e d )  2,665 s q .y d s , @ 20.00$ 772.85
2$ S a l t  (12” depth
s ta b i l i z e d )  1 ,600  s q .y d s . @ 32.00$ 512.00
6 . I n s t a l l a t i o n  o f 52 Catch
W ater B asins (24” 0 
C .I .P  ty p e ) p lu s
5,400 l i n e a l  f e e t  o f  8” 
d ia .  c la y  f i e l d  t i l e
10,800 l i n e a l  f e e t  o f  12”
d ia .  c la y  f i e l d  t i l e  Lump Sum 15 ,507.82
7• A sphalt em ulsion prim e fo r
roadway 6,430 Imp. g a ls .  @
16.85$ 1 ,083 .47
8 . Supply, h au l and ap p ly  £ i n .  
th ic k  Dense Graded
Em ulsion Pavement 1 ,0 2 8  Tons @ $14.30 14 ,720 .14
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Item  U nit C ost T o ta l Cost
_____________________________ ft _____________________ _____________
9 . Supply and i n s t a l l  100
l i n e a l  f e e t  o f 60" d i a . ,
1 C . I .P . ,  10 g a . ,  a t  
S t 63 + 25 in c lu d in g
g ra n u la r  b a c k f i l l in g  100 l i n e a l  f t .  0 $27*80 $ 2 ,7 8 0 .0 0
10 . M isce llan eo u s, E ngineering
and In sp e c tio n  Lump Sum 10 ,062 .10
TOTAL $123.085.65
A breakdown o f th e  S ta b i l i z a t io n  C osts i s  a s  fo llo w s :
Cement S ta b i l i z a t io n
Cement s t a b i l i z a t i o n  was c a r r i e d  ou t on August 26 , 28 and 31 , 1964*
At tim es we exp erien ced  d i f f i c u l t y  and d e lay  in  hooking up th e  H ercules 
cement sp read e r to  th e  b u lk  c a r r i e r .  In  my o p in io n , th e re  should  be a
s im p le r hook-up which would n o t n e c e s s i ta te  th e  b u lk - c a r r ie r  doing a  l o t  j
o f " ja c k -k n if in g 1* to  engage th e  sp re a d e r . Some p ro v is io n  should  be made 
f o r  h y d ra u lic s  to  be u t i l i z e d  to  r a i s e  and low er th e  sp re a d e r , in  
hooking-up.
P o r tla n d  Cement, Type I ,  F .O .B . Job S i te  c o s t  1.16$ p e r  l b .
Cost o f  3k% P o r tio n  per Square Yard -  6W Depth S ta b i l iz e d
1 . Add th e  a d d i t iv e  -  cement @ 21 l b s .  per sq . y d . 6 .0 7 ^ /sq .y d .
2 . Mix, w a te r , r o l l  and compact th e  m ix tu re  7 .9 9 ^ /sq .y d .
3 .  M a te r ia l -  cement 24 .30 i / s q .y d .
3 8 .3 6 ^ /sq .y d .
\
' ( :
V
\
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Cost of 5% Portion per Square Yard - 6 n Depth Stabilized
Sta 128 + 00 Sta 6 9 + 0 0  Sta 48 + 00 Average
to to to Per sq.yd
Sta 143 + 00 Sta 8 8  + 00 Sta 69 * 00 Cost t
1. Add the additive -
cement @ 30£ lbs.
per sq. yd. 6 .0 4 $/sq yd 2 .9 5 $/sq yd 4 .1 7 $/sq yd 4.39$
2. Mix, water, roll and
compact the mixture 7 .9 0 $/sq yd 8 .6 8 $/sq yd 9 .1 7 $/sq yd 8 .5 9 $
3. Material - cement 38.20$/sq yd 31.70$/sq yd 36.80$/sq yd 35.57$
52.14$/sq yd 43.33$/sq yd 50/14$/sq yd 48.55$
Cost of Portion per Square Yard - 6 " Depth Stabilized
.1
1. Add the additive - cement & 39 lb per sq yd 2.95$/ sq yd
■ ‘ o
2. Mix water, roll and compact the mixture 8.85$/ sq yd
3. Material - cement 45.20$/ sq yd
/ ’ 5 7 .0 0 $/ sq yd
General Information?
Average cost to add the cement 4.44$ per sq yd i
Average cost to mix, water, roll
and compact the mixture 8 .5 2 $ per sq yd
Lime-Flyash Stabilization
Lime-flyash stabilization was carried out on the 27 August, 1964.
The high cost of this type of stabilization was due mainly to?
1 . I t  was largely a hand operation, in that the flyash and 
lim e  was a p p lie d  in  bags on th e  ro a d .
2 . The difficulty of obtaining the sma l l  amount of flyash
j
from the J. Clarke Keith Electrical Generating Station j
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in Windsor. Even though we used only a comparatively 
small tonnage, we still had to rent an expensive clam­
shell crane with a 1 0 0  foot boom to reach over and far 
enough out from the six foot high earth dike to obtain 
the flyash.
This flyash, due to its high water content, then had to 
be trucked 35 miles to the County Pit where it was dried 
by spreading it out on the ground. It was then windrowed 
, and placed in 7 5  lb. bags, trucked 2 0  miles to the job 
site and spread by dumping the feags on the road.
3. The large amounts of lime and flyash added, especially 
the flyash, necessitated a great deal more mixing of the 
mixture than the other types of stabilization.
Flyash F.O.B Job SitI cost -
High Calcium Hydrated Lime F.O.B. Job Site cost -
(Beachville Chemical Hydrated Lime in 50 lb bags 
from DOMTAR)
Doloraitic Hydrated Lime F.O.B. Job Site cost -
(Hespeler Beaver Masons Hydrated Lime in 
50 lb bags from DOMTAR)
Sta 108 ♦ 00 to Sta 110 + 00 - 6 M Depth Stabilized 
Mix No. 1 - 3$ High Calcium Hydrated Lime
* 10$ Flyash 
87$ Aggregate !
0 .5 1 ^/lb
1 .1 9 */lb
1 .6 6 */lb
■ I
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1. Add the Additive - Lime $ 17 lbs per sq yd )
Flyash $ 57 lbs per sq yd )
2. Mix, water, roll and compact the mixture
3. Materials - lime and flyash
139
6 1 .2 5 ^/sq yd 
2 1 .2 5 ^/sq yd 
A9.30*/sq yd
$1 .3 2 / sq yd
Sta H O  + 00 to Sta 111 + 0 0 - 6 "  Depth Stabilized 
Mix No. 1 - 3* Dolomitic Hydrated Lime
. IQ* Flyash •
67* Aggregate•
1. Add the Additive - Lime @ 17 lbs per sq yd )
Flyash @ 57 lbs per sq yd)
2. Mix, water, roll and compact the mixture
3. Materials - lime and flyash
Sta 111 + 00 to 113 + 00 - 6 ” Depth Stabilized 
Mix No. 2 - k\% High Calcium Hydrated Lime
15 * Flyash 
80^* Aggregate
1. Add the Additive - Lime g 25$ lbs per sq yd )
Flyash $ 85^ lbs per sq yd)
2. Mix, water, roll and compact the mixture
3. Materials - lime and flyash
6 1 .2 5 ^/sq yd 
21.25^/sq yd 
5 7 .2 0 ^/sq yd
$1 .4 0 / sq yd
91.37^/sq yd
31.75^/sq yd
7 4 .2 0 ^/sq yd 
$1.97/ sq yd
%
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Sta 113 + 0 0  to Sta 114 + 00 - 6 " Depth Stabilized 
Mix No. 2 — k\% Dolomitic hydrated Lime
15 % Flyash 
80^ /6 Aggregate
1* Add the Additive - Lime @ 25$ lbs per sq yd )
Flyash ® 85i lbs per sq yd) 91.37$/sq yd
2. Mix, water, roll and compact the mixture 31.75$/sq yd
3. Materials - lime and flyash 8 6 .3 0 $/sq yd ■>'
$2.09/ sq yd
General Information:
Average Cost - Lime-Flyash Stabilization
. Sta 108 + 00 to Sta 111 + 00 ^ $1.36/sq yd
Sta 111 + 00 to Sta 114 + 00 $2.03/sq yd
Average Cost to Add the Additives
(Lime and Flyash) 76.31$/sq yd
Average Cost to Mix, Water, Roll and 
Compact the Mixture 26.50$/sq yd
Salt (NaCl) Stabilization
Salt stabilization was carried out on 13 August and 1 September,
%
1964.
This type of stabilization was by far the easiest to do, was 
the most economical, and presented the least amount of problems in 
the field.
Salt (NaCl) Highway Fine, F.O.B. Job Site cost 0.375$ per lb.
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Sta 8 8  + 00 to Sta 98 + 00
The lower 6  inches of the 12 inch depth was stabilized with 
1-1/3/6 salt ( 8  lbs per sq yd) on 13 August 1964.
1. Add the Additive - Salt @ 8  lbs per sq yd 4.12^/sq yd
2. Mix, water, roll and coApact the mixture 6.79^/sq yd
3. Material - salt 3.00tf/sq yd
13.91^/sq yd
Sta 98 + 00 to 104 + 00
The lower 6  inches of the 12 inch depth was stabilized with
«
2% salt (12 lbs per sq yd) on 13 August, 1964.
1. Add the Additive - salt @ 12 lbs per sq yd 4.12^/sq yd
2. Mix, water, roll and compact the mixture 6.79^/sq yd
3. Material - salt - 4.50^/sq yd
15.41^/sq yd
Sta 8 8  + 00 to Sta 98 + 00 AND Sta 104 + 00 to Sta 108 * 00
The top 6  inches of the 12 inch depth was stabilized with 
1-1/3$ salt ( 8  lb,s per sq yd) on 1 September, 1964.
1« Add the Additive - salt @ 8  lbs per sq yd 3.79^/sq yd
2, Mix, water, roll and compact the mixture 8.31^/sq yd
3. Material - salt 3 .0 0 ^/sq yd
' 1 5 .1 0 */sq yd
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Sta 98 ♦ 00 to Sta 104 + 00
The top 6 inches of the 12 inch depth was stabilized with 
2% salt (12 lbs per sq yd) on 1 September, 1964.
1* Add the Additive - salt @ 12 lbs per sq yd 3 .7 9 0 /sq  yd
2 . Mix, water* roll and compact the mixture 8 .3 1 0 /sq  yd
3. Material - salt 4.500/sq yd
General Informations
16.600/sq yd
Average Cost - Salt Stabilization
1-1/3% Salt - 6" depth stabilized 14.500 per sq yd
1-1/3$ Salt - 12" depth stabilized 29.000 per sq yd
2$ Salt - 12M.depth stabilized 32.000 per sq yd
Average Cost to Add the Additive - Salt 3.960 per sq yd
Average Cost to Mix, Water, Roll and 
Compact the Mixture 7*550 per sq yd.
%  ' '
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
BIBLIOGRAPHY
1 Adams, J .  I .  "F ly  Ash-Lime S ta b i l i z a t io n  For Road Base C o n s tru c tio n " ,
O ntario  Hydro R asearch News, V ol. X, O ct. -  D ec., 1958, No. 4 .
2  Adams, J .  I .  "The B ehaviour o f L im e-Fly Ash S ta b i l iz e d  Base C ourses",
O ntario  Hydro R esearch . 1962.
3 A ld rich , H. P . ,  J r .  "F ro s t P e n e tra tio n  below Highway and A ir f ie ld
Pavem ents", Highway R esearch B u lle t in  135. N a tio n a l R esearch 
C ouncil, U.S.A*., Pub. 425, 1956.
4 Canadian Good Roads A sso c ia tio n , "Pavement E v a lu a tio n  S tu d ie s  in
Canada", P u b lic a tio n  No. 19, 1963.
5  Chu, T. Y ., Davidson, D. T . ,  Goecker, ¥ .  L . ,  and Moh, Z. C .,
" S ta b i l iz a t io n  o f F ine and C oarse-G rained  S o ils  w ith  Lime- 
F lyash  A dm ixtures", Highway R esearch B oard. B u lle t in  129,
N a tio n a l Academy o f S c ien ces , N a tio n a l R esearch C ouncil, U .S .A ., 
Pub. 418, 1956.
6 C o u tu r ie r , R. R ., and M il la r ,  R. H ., "An E v a lu a tio n  o f G ravels fo r 'U se
in  Lim e-Fly Ash A ggregate C om position", Highway R esearch B oard. 
B u l le t in  304, N a tio n a l Academy o f S c ien ces , U .S .A ., N a tio n a l 
R esearch C ouncil, Pub. 932, 1961.
7  C sathy , T. I . ,  and Tounsend, D. L . ,  " S o il  Type in  R e la tio n  to  F ro s t
A ction", O ntario  J o in t  Highway R esearch Programme R eport No. 15,
C. E. R eport No. 29, Q ueen 's U n iv e rs ity , K ingston , O n ta rio ,
March, 1963.
8  C sathy , T. I . ,  and Tounsend, D. L . ,  "C om pilation o f F ro s t  S u s c e p t ib i l i ty
C r i t e r i a  up to  1961", O n ta rio  J o in t  Highway Research Programme 
R eport No. 14, C. E. R eport 2S, Q ueen 's U n iv e rs ity , K ingston , 
O n ta rio , March, 1963.
9 Davidson, D. T . ,  and Leonard, R. J . ,  "P ozzo lan ic  R e a c tiv i ty  Study of
F ly a sh " , Highway R esearch B oard. B u l le t in  231, N a tio n a l Academy 
o f S c ien ces , U .S .A ., N a tio n a l Research C ouncil, Pub. 693, 1959.
10  Davidson, D. T . ,  and M ateos, M., "Lime and F ly  Ash P ro p o rtio n s  in  S o i l ,  
Lime and F ly  Ash M ix tu res , and Some A spects o f S o il  Lime 
S ta b i l i z a t io n " ,  Highway R esearch B oard. B u l le t in  335, N a tio n a l 
Academy o f S c ien ces , U .S .A ., N a tio n a l R esearch C o u n cil, 1962
143
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 4 4
11 Davidson, D. T., Mateos, M., Rosauer, E. A., and Wang, J. W.,
"Comparison of Various Commercial Limes for Soil Stabilization", 
Highway Research Board, Bulletin 335, National Academy of 
Sciences, U.S.A., National Research Council, 1962.
12 Davidson, D.T., Sheeler, J. B., Delbridge, N. G., Jr., "Reactivity
of Four Types of Flyash with Lime", Highway Research Board, 
Bulletin 193, National Research Council, Pub. 619, 1958
13 Davidson, D. T., Handy, R. L., Viskochil, R. K., "Effect of Density
on Strength of Lime-Flyash Stabilized Soil", Highway Research 
Board, Bulletin 183, National Research Council, U.S.A., Pub. 550, 
1957.
14 Eades, J. L., Grim, R. E., and Nichols, F. P., Jr., "Formation of
New Minerals with Lime Stabilization as Proven by Field 
Experiments in Virginia", Highway Research Board, Bulletin 335, 
National Academy of Sciences, U.S.A., National Research Council, 
1962.
15 Herrin, M., and Mitchell, H., "Lime-Soil Mixtures", Highway Research
Board, Bulletin 304, National Academy of Sciences, U.S.A.,
National Research Council, Publication 932, 1961.
16 Hicks, L. D., "Design and Construction of Base Courses", Highway
Research Board. Bulletin 129, National Academy of Sciences, 
National Research Council, Publication 418, 1956.
17 Highway Research Board Bulletin 40, "Load Carrying Capacity of Roads
as Affected by Frost Action", National Research Council, U.S.A.,
1951.
18 Highway Research Board Bulletin 10 - D, "Load Carrying Capacity of
Roads as Affected by Frost Action", National Research Council, 
U.S.A.,.1950.
19 Highway Research Board Bulletin 54, "Load Capacity of Roads Affected
by Frost", National Research Council, U.S.A., Publication 232,
1952.
20 Highway Research Board Bulletin 111, "Factors Related to Frost Action
in Soils", National Research Council, U.S.A., Publication 364, 
1955»
21 Highway Research Board Bulletin 100, "Soil Freezing", National Research 
C Council, U.S.A., Publication 348, 1955.
22 Highway Research Board Bulletin 71, "Soil Temperature and Ground
Freezing", National Research Council, U.S.A., Publication 262,
1953.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
145
23 Highway Research Board B u lle t in  168, "Fundamental and P r a c t ic a l
Concepts o f S o il F ree z in g " , N a tio n a l Research C ouncil, U .S.A. 
P u b lic a tio n  528, 1957.
24 Hoover, J .  M., and Handy, R. L . ,  " D u ra b ili ty  o f S o il-L im e-F lyash
Mixes Compacted above S tandard  P ro c to r  D en sity " , Highway 
Research B u l le t in  193* N a tio n a l Research C ouncil, U.S.A. 
P u b lic a tio n  619, 1958.
25  Jones, C heste r ¥ . ,  " S ta b i l iz a t io n  o f Expansive C lay w ith  Hydrated
Lime and w ith  P o r tla n d  Cement", Highway Research Board 
B u lle t in  193, N a tio n a l Research C ouncil, U .S .A ., P u b lic a tio n  
619, 1958 ■
26 Jo n es , W. G ., "L im e-S tab ilized  T es t S ec tio n  on Route 51, P erry
County, M isso u ri" , Highway R esearch Board B u lle t in  193,
N atio n a l R esearch C ouncil, P u b lic a tio n  619, 1958.
27 Jum ik is , A. R ., "The S o il  F reez in g  E xperim ent", Highway Research
B u lle t in  135, N a tio n a l R esearch C ouncil, U .S .A ., P u b lic a tio n  
425, 1956.
28 Lambe, ¥ . T . ,  Moh, Z. C ., "Improvement o f S tren g th  o f Soil-Cem ent
w ith  A d d itiv e s" , Highway R esearch Board B u lle t in  183, N a tio n a l
R esearch C ouncil, U .S .A ., P u b lic a tio n  550, 1957.
29 Lambe, ¥ . T . ,  "M o d ifica tio n  of F rost-H eav ing  o f S o ils  w ith  A d d itiv e s" ,
Highway R esearch B u lle t in  135, N a tio n a l R esearch C ouncil, U .S .A .,
P u b lic a tio n  425, 1956
30 -Leadabrand, J .  A ., and N o rlin g , L. T . ,  "S im p lif ie d  Methods o f  T estin g
Soil-Cem ent M ix tu res" , Highway R esearch Board B u l le t in  122, 
N a tio n a l Academy o f S c ien ces , U .S .A ., N a tio n a l R esearch C ouncil, 
1956.
31 M assachusetts  I n s t i t u t e  o f Technology, F in a l  R eport, Phase 12, fo r
Corps o f E n g in ee rs , ¥aterw ays Experim ent S ta t io n ,  "S o il 
S ta b i l i z a t io n  by Chemical M ethods".
32 M assachusetts  I n s t i t u t e  o f Technology, F in a l  R eport, Phase I ,
"S o il S o l id i f i c a t io n  P r o je c t" ,  f o r  Corps o f  E n g in ee rs , 1948.
33 M assachusetts  I n s t i t u t e  o f Technology, F in a l  R eport, Phase 8,
"Soil Stabilization by Chemical Methods", for Corps of Engineers,
1956.
34 M assachusetts  I n s t i t u t e  o f Technology, F in a l  R eport 5, "S o il
S o l id i f i c a t io n  by Chemical M ethods", f o r  Corps o f  E n g in ee rs , 1953.
35 M assachusetts  I n s t i t u t e  o f Technology, F in a l  R eport, Phase 2 , "S o il
S o l id i f i c a t io n  by Chemical M ethods", f o r  Corps o f E n g in ee rs , 1950o
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
146
Massachusetts Institute of Technology, Final Report 6, "Soil
Solidification by Chemical Methods", for Corps of Engineers, 1954.
27 Massachusetts Institute of Technology, Final Report, Phase 7, "Soil
Stabilization by Chemical Methods", for Corps of Engineers, 1955»
38 Massachusetts Institute of Technology, Final Report, Phase 11, "Soil
Stabilization by Chemical Methods", for Corps of Engineers, 1959•
39 Massachusetts Institute of Technology, Final Report, Phase 2, "Soil
Stabilization by Chemical Methods", for Corps of Engineers, 196O0
40 Mateos, M., "Heat Curing of Sand-Lime-Fly Ash Mixtures", Materials
Research and Standards, 1963.
41 McDowell, Chester, "Stabilization of Soils with Lime, Lime-Flyash, and
Other Lime Reactive Materials", Highway Research Board, Bulletin 
231, National Academy of Sciences, U.S.A., National Research Council, 
Publication 693, 1959.
42 McNichol, ¥. J . ,  and Miller, R. H., "Structural Properties of Lime-
Flyash-Aggregate Compositions", Highway Research Board, Bulletin 
193, National Research Council, U.S.A., Publication 619, 1958.
43 Miller, E. A., and Sowers, G. F., "The Strength Characteristics of
Soil-Aggregate Mixtures", Highway Research Board, Bulletin 183, 
National Research Council, U.S.A., Publication 550, 1957.
44 Minnick, J .  L., and Williams, R., "Field Evaluation of Lime-Flyash-
Soil Compositions for Roads", Highway Research Board. Bulletin 
129, National Academy of Sciences, National Research Council, v
U.S.A., Publication 418, 1956.
43 National Research Council, U.S.A., - National Academy of Sciences -
Highway Research Board, Bulletin 292, Publication 867, 1961,
"Soil Stabilization with Portland Cement".
46 National Research Council, U.S.A., National Academy of Sciences,
Publication 867, Highway Research Board, Bulletin 292, 1961,
"Soil Stabilization with Portland Cement".
47 National Research Council, U.S.A., Highway Research Board, Bulletin
98, Publication 346, 1955, "Stabilization of Soils".
48 National Research Council, U.S.A., Highway Research Board, Bulletin
148, Publication 440, 1957, "Soil Series Cement Requirements".
49 National Research Council, U.S.A., Highway Research Board, Bulletin
353, Publication 104, "Stabilization of Soils with Portland 
Cement".
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 4 7
50 National Research Council, U.S.A., Highway Research Board, Bulletin
122, "Soil Testing Methods".
51 Penner, Ed., "Soil Moisture Movement During Ice Segregation", Highway
Research Board, Bulletin ±35, National Research Council, U.S.A. 
Publication ±25, 1956.
52 Portland Cement Association, "Soil Cement Laboratory Handbook", 5th
Edition, (1959)
53 Portland Cement Association, "Soil Cement Construction Handbook", 1956.
54 Portland Cement Association, "P.C.A. Soil Primer", 1962.
55 Reppel, J. Wo, "Salt Stabilization on Ohio's Secondary System", Highway
Research Board, Bulletin 183, National Research Council, U.S.A., 
Publication 550, 1957.
56 Woods, K. B., Editor in Chief, Highway Engineering Handbook
Section 21, "Soil Stabilization", by A. W. Johnson, Dr. Moreland 
Herrin, Dr. D. T. Davidson and Dr. R. L. Handy.
57 Highway R esearch  Board, S p e c ia l R eport No. 1 , "E ro s t A ction  in  Roads
and A i r f ie ld s " ,  Pub. 211, 1952.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
VITA AUCTORIS
1940 STRATFORD COLLEGIATE VOCATIONAL INSTITUTE, S t r a t f o r d ,  O n ta rio  
JUNIOR MATRICULATION
1946 -  VETERANS' REHABILITATION SCHOOL, London, O n tario  
SENIOR MATRICULATION
1951 -  UNIVERSITY OF TORONTO, T oron to , O n tario  
B. A, S c . in  C iv i l  E n g in eerin g .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
